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Analysis of biochemical characteristics and functions of factors related to the

host infection of scuticociliate, Uronema marinum

Jung Soo Seo

Department of fish pathology, The Graduate School,

Pukyong National university

Abstract

In Korea, Scuticociliatosis by Uronema marinum caused severely economic loss by
the several problems such as mass mortalities in culturing olive flounder,
Paralichthys olivaceus. To investigate the mechanism of mass mortalities by the
ciliate, the culture methods, morphological characteristics and enzymatic activities
of the ciliates have been reported. Nevertheless, so far little is known how the
ciliates enter into the host, and how it can be survived within the hosts.
Therefore, the present study was carried out to analyze the biochemical
characteristics and functions of factors related to the host infection of

scuticociliate, L. marinum.

In the first chapter, lipid composition were analyzed to investigate the
characteristics of host-parasite interaction through biological ~membrane.

Phospholipids accounted for 70% of total lipid, and the remainder was neutral

lipids in U. marinum. Phosphatidylcholine (PC), phosphatidylethanolamine (PE),
unidentified  phospholipids (UP) were the major phospholipids, and
phosphatidylinositol (PI), phosphatidylserine (PS), cardiolipin (CL) were minor
phospholipids in U marinum. Whereas, PC, PE, Pl, PS5 were the major
phospholipids, and CL & UP were the minor phospholipids in P. olivaceus. It was

suggested that UP might be played a role in host-parasite interaction as ciliate
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enter into host. In addition, the fatty acid composition in phospholipid comprised
polyunsaturated fatty acid (52.7%), monounsaturated fatty acids (28.5%) and
saturated fatty acids (25.5%), while the fatty acid composition in neutral lipid
comprised monounsaturated fatty acids (49.2%), saturated fatty acids (30.1%) and
polyunsaturated fatty acids (34.9%). Immunoblotting analysis showed that several
antigen factors existed in U. marinum and the quantity of papain cysteine
protease, which was a major factor, was changed corresponding to the condition

of cultivation period.

In the second chapter, the existence and biochemical characteristics of
PC-hydrolyzing enzymes in the scuticociliate, U. marinum were analyzed.
Membrane bound PC-PLD (mPC-PLD) has the distinct characteristics from
mammalian PLD. The activity of mPC-PLD was stimulated by
phosphatidylinositol 4,5-bisphosphate (PIP2), but not small G-proteins Arf and
GTPrS. Through analyzing host-parasite attachment, this enzyme has no effect on
attachment of ciliate but stimulated the formation of cyst of ciliate. Therefore, it
was suggested that PC-PLD might be participated in the internal adaptation to
environmental change but not in the host penetration of U. marinum. The
mPC-PLC and cPC-PLC enzyme were obtained from membrane- and cytosol
fraction of LI, marinum, respectively. It is appeared that mPC-PLC has a maximal
activity at optimum pH 6.0 and 0.4 mM of Ca”™, and ¢PC-PLC at optimum pH
7.0 and 1.6 mM of Ca’". The cPC-PLC, not mPC-PLC, significantly decreased the
chemiluminscence (CL) response and number of phagocytes, P. olivaceus. In
addition, ¢PC-PLC alsc increased the host-parasite attachment, but didn't

mPC-PLC. It was suggested that ¢PC-PLC act as a important factor in the

invasion of ciliate into host.

In the third chapter, the cloning and biochemical characteristics of cathepsin

cysteine protease in the scuticociliate, U. marinum were analyzed. Nucleotide
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sequence of the cloned scuticociliate cathepsin B cysteine protease (ScCtB) encode
a preproenzyme of 350 amino acid, comprising a 17 residue putative signal
peptide, 68 residue propeptide and the 265 residue mature enzyme. The primary
structure and enzymatic characterization support the conclusion that ScCtB
belongs to the cathepsin B subfamily because of having 'GNFD’ motif that highly
conserved interspersed cathepsin B family. Nucleotide sequence of the cloned
scuticociliate cathepsin L cysteine protease (ScCtL) encode a preproenzyme of 333
amino acid, comprising a 25 residue putative signal peptide, 93 residue
propeptide and the 215 residue mature enzyme. The primary structure support
the conclusion that ScCtL belongs to the cathepsin L subfamily because of having
"ERFNIN’ motif that highly conserved interspersed cathepsin L family. A ScCtB
enzyme (30 fraction) was obtained from DEAE-Sephagel HPLC column
chromatography from scuticociliate extracts. This enzyme was a monomer with a
molecular size of 29 kDa as estimated by SDS-PAGE, which was similar to the
molecular size predicting from ScCtB ¢DNA structure. It is appeared that this
enzyme showed a specifical activity by cleaving a synthetic fluorogenic peptide
substrate such as  N-carbobenzyloxy-arginyl-arginyl-7-amino-4-methylcoumarin
(ZRR-MCA). The protease caused the cytotoxicity in fish cell line (FFN) and
hemolysis in flounder blood cells. It was suggested that ScCtB might be

participated in immunoevasion and nutrition after host-infection of L. marinum.

Taken together with results, it could be suggested that multiple factors may be
involved in host infection of scuticociliate, U. marinum. The PC-PLD might be
participated in the internal adaptation to environmental change, and PC-PLC
played a role in host infection and penetration, but cathepsin cysteine protease

played a important in survival after host-infection of U. marinum.
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WAl ~FEFIES Yo7l 2 jee 5 (2001)0] o) HREFo) shql AT
FpEofl & &r Uronema marimon ©. 5 FASEATE o] 7|2 WEYH Him 204
wodog AgdFe A 30-45 pm, 2bFe] A71E 1825 pm o™, FA FYdel 3 u
m 2719 L 7lAD gon, e 49 A¥e) p=FE 7R AY (Jee et al,

HAe e 2REd Aot I A e, FAle] diled

HEE AY BB $52 0] FEU AL SHH olhoR HFAEE B

2001). ~FE|7LES

g H38d s Hus 9t (Thompson and Moewus, 1964; Iglesias, et al, 2002; Jee

et al., 2001).
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2 7147 (facultative pathogen parasite) S =24 tf 7] ZAgole] Hals AA

al, 2003). Tetrahymena %9 A% &x wgdd weop = 9124 (membrane
phospholipid)¢] acy! chain 422 H3lr|zlo g Fuisld st H-g5 St}
o Hoen 9lar (Watanabe et al, 1981), oF ¢lx( &2 cfedsh 959 wisle] oA
AU Sl st HE 9 g 2lold dAHYA JLS FEE AFE|FE

FARE Afsted U} FoF Ao R A4HT Aok EF ol v 1A

AL AA A ES| A4 (phospholipase), protease, Gt 4, g3lE Fi Z&

AP BAog olFolx slo] YA JF, el E A Foll 8T (TS
giokar el R T} (Vial ot al, 2003). o] % AAA7 R ars & VAF F

AN 7T &5 A% o F49 S ¢ RAUHUG (Blum et al, 2001
Connelly and Kierszenbaum, 1985; Florin-Christensen et al., 1986; Ricard et al.,
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=
e
3
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stchar de ] ) (Berger et al, 1972; Jonaha and Erwin, 1971; Rhoads and
Kaneshiro, 1979; Sul and Ewin, 1997). =3}, o4& 32 2E] uef, A& 2 3
¥ %8 g8 glycosylphosphatidylinositol-anchored (GPl) protein (phospholipa
se), lipophosphoglycan 3! glycoinositolphospholipid2 o] o] ‘glycocalyx’'#t &
L= FHwS A3 gith 3 WA, GPl-anchored #AF (phospholipase)5-2 &

Q7 MlEEd A Bisx 9or (Ells et al, 2002; Heise et al,, 1996, Paquette et
al, 2001), o|E2 HF AT 7|AFe FFAE dstAY, 7EE Y life cycle
of #Woldli= o7 &g d R EFol e GPl-protein ¢ phospholipaseS©] Tetrahy
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1.1, chefgt v Astell A o] Ate]abgol vt

2FE 7, U omarmmum ) Bele WA 7t9 " QA (Paralichthys olivaceus)E clean
bench ¢tellA] |22 3t 3, {5 7AW e] 1 = Hank's buffer saline (HBSS)o) ¢-&
&, 308 o Aed =rh 2™ g 1« HBSSE i #3lo 2 E-tubed] o}
1,000 = g 3% F<b dARstgch AdFols vie) wieks|E CHSE-214 F3HA %
(10% FBS, 100 U streptomycin & penicillin Gyoll &8l nfjd7|ol A 18T, 5U3t
df ksl A}, £8 yeast 8RRl (2% veast, 34% NaCl), MEM w) A Gl A 2ol X 3Y
boejokatgich wiEd AFE)FES 1« HBSSE o §31e] 1000 x g, 38 Tt 3w

A=Ak F, Aol Abgsly] A7t 75T Basiirt

2 7 Ee] 21 A2 (phospholipid) % 54143 (neutrolipid)®] #¢)

HA g Beldtr] 93led Guan F (2001)2] WS AbgStdth WA AFE IS
(107 /mlyell 015 M KCI-& A71g 3, 220718 30& 5 33 o4&k o4
& 608 < 40T o)A} chloroform/methanol/water (CMW, 1/1/0.3, v/v/v)d =]
stirrero | A8t & F, CMWe] w7t 3/2/1 (v/v/v)e] H=& &3 FH78A
ok o] A8 1000 = g, 10% F<F ANEHIFEAT FEAS W, FHEL oA

A NAE ol8 3oy Z2dA)zl &, 2 ml chloroform& 22 &, n|8] chloroformo.

2 H3HAAE silica sepak cartridge (Zorbax, co. USA)e] F3Ah F4AH
& 25 ml2] chloroforme] gF5olAm, =122 25 ml methanolell §% =] o]t

Nrtel AEL AailaD olfaie] ZWA §, F5C KBk




1.3. Phospholipid @] & ]

ALg-5o] ©vlg] buffer A [hexane/isopropanol (3/2)] <}

ﬁ.\o

Guan %5 (2001)2] Hb-
buffer B[> mM ammonium sulfate (pH 6.0) 354 g3 %7 # ¥, buffer A2} %o
12|85 E gk §94)5 50: 50 (v: v)o. & H3sHA71 Zorbax Rx-sil {25 » 4.6 mm, 5
pm, Agilent US.A) column % Zorbax Rx-sil guard columno] F¢}3l3ch T3+
AME-2 HPLC (Hewllet packard, HP1100)Z ¥4} or, #4542 205 nmo|H,
ZPewy 280, 52 15 ml/ming FASFET. BE452dL step gradientZ 4]
AEHE 238 ke BEAizE 50%e)A 78%E Frhetdln, 4% &<k 78%7F FAH
Row, tha] 9% Fot 100% 2 BRulrt F7tstdch 2 ohy 3% $9F B St
A" F, 118 5F B 8wyt 50% % HAEdvh 19 vhg M-S 22 50: 500

B
2 HaygaA) AT WEe) ok 20 w (0.6 pmol lipid phospholipid)E 22Uttt

m]n

14. Total lipid phosphous &4
A Fh2eell o)) 2w MEE 70% perchloric acidg 03 mlg Hs}ato] &3) gk

&, 60% FoF 180CHA ridEgok ol A& A d &, 7 AES 1.25%
ammonium molybdate®} 5% ascorbic acidE 22} 400 W# 9& F, 28 o] 1.8
mlo] = A stgu ol 7S 58 FoF B BoA #9l F, 308 Tt Hd2d Fo

797 nme| A F88 FAH3AUAA-

1.5. Fatty acide] 24

2k B S 9)Ele] Morrison and Smith (1967)¢] ubH o g AF3tgch W 2z}
7vo] FMAAA AL WA AL Az 9AE A T oAL fatty acid
methyl esters (FAME)2] #ejlz J&A17]7] $3] wig&el =< 14% boron

trifluroride® 1 ml ¥ €& F, 90T, 301 FoF v g &, 4 &L o




So W& &, A ey pentaneg 4 mlyk 5 M NaOHZ 1 ml ¥ ith o] AL

thal Eghst §, el 123 freol pentane& Fejete] A E-tubeol] ol daiy

O

Aupabe Gas

2 FEAA o 2 wew EAskelnh A -
Chromatography Mass spectrometry (GC Mass) S o83t st AM&3 2

= =N
| B -

F3 48 silica capilliary type= DB-5 (30 mm X 0.25 mm Ld., df = 0.18 pm)o]|

™ stataionary phasez o} &3dth olFHE FAVIAE ooV, R2Eo

S}

130-190C 2 Zgadsjold] UL, ¥ B4Y 082 E45 3 &%, &

38 AEEA Y 4% AYabe NA BEsiea wgshc

2. 2 €739 dde FUdA A

21 25 7bEe] gigk ohEE ¥4 (polyclonal antibody) A4+

~HE)FLE (2 x 107 parasite/ml) 2 papain (Sigma. co. US.A from papaya latex)
S 24z} 500 o] FCASL Fgatel o] glar d4st da A& 1.5 kg2l &7 4
gtol o' FHa Suu] oY FAREI LW, 35 5F TH & kS FlIASH 79
ol U3 4 o2 boostingdt4lrth Boosting § 2Fmo] AR A dEste E7

g LS Ao, ol A& rabbit anti scuticociliate polyclonal Ab 3 rabbit anti

papain polyclonal AbZ Al&3l¢d).

22 SDS-PAGE & Western blotting

Lammili (1970)2] Y9-8 7|52 3} scparating gel R stacking geld] FGLE 2}
7} 10%, 5% gel 2 WHEQIth sample buffert= 5X sample buffer (60 mM Tris/pH
6.8, 25% glycerol, 2% 5SDS, 144 mM 2-mercaptometanocl, 0.1% bromophenol blue)
S AMgE g o, ME sample buffer 412 A2 %, 100, 58 95 73+ ¥,

welloll #9134t SDS-PAGEZ A 71954121 bandE & western blotting S $] 3]

_11_




4'C o) A nitrocellulose membrancol] transfer (Hoefer 600)A) 21 5, membranc&- 4|
3, 1z Aol 2z ghAef A wjdslg vl f@olF immune complexs  alkaline

phosphatase (AP conjugate substrate, Bio-RAD. Co. US.A)E WFal At}




m. 2 =}

2T Ee A A

2FEAEY] AA JA T 70% 7S 14 E (phospholipid)e] ™, ve] A F4
AAz FAEeIA Atk o T ATHATY AAYL F A4 4RE A
915) AE oz By 9= HPLCE phospholipid mixture (PC, Pl, PE)Z o] &3}
standard peak& #3130t (data not shown). ©]#l & nlEle g dlo FE3 A FtE
7H52] 2942 (0.7 pmol)& hexane/isopropanol (3/2 v/v)E2 H#3}H Zorbax
Rx-6il HPLC® # M35 &Alo] &&=+ «©A= PE CL Pl PS PCZ eyttt
(Fig. 1.1). 2=FE]7}52] <lxde] Afael k2 24.26% PC, 22.20% PE, 10.54% Pl
811% PS, 6.17% CL3¥ 28.72% unidentified phospholipid (UP)& FAl&o}z] glo
), major 1A A2 PC, PE 2 UP7} 9lgon], o|% PC, PE7} U2k 46% A% 2}
A3, P, PS, CL& minor 1A A2 velsdt} (Table 1.1). 89, W =2 $)9}
FE e QA AE EASASA AF 1A E e ko]l 2FYItEe] A4

dHth AiA e s T4 et (Table 1.1).

AFEFLEe AR AR F AR 2 F4AFE AN 242 GC-MassE 9|
ko] BAGHG. ol Hal WA A9 AxE I FAAZAL WEsrzi v
G3lg WNZ e o]Ho] FEFESE gas chromatography (GC) Mass spectrum©. 8 #
FHA7 Ade vy $AHEAT (Fig 1.2). dARES md33te GC-Mass2 £4
BFEAl = N-6 typed] Aabg x§sle T E XA (linoleic acid, v
-linolenic acid)e] 52.7%7}e-8 A5y Uz HAdEFE AU (palmitoleic

acid, oleic acid)e] 28.5%%} E3} A HHAl (palmitic acid, stearic acid, myristic acid)]




UeiAle 2Ae ok Qo) (Table 1.2). ~RE|7bEo 2 HE Ao FAAAL
e g ale] GC-Mass® 4133 Alell whH bk (oleic acid, myristoleic
acid, palmitoleic acid, cis-10-heptadecenoic acid, 11-lcosenoic acid, nervonic acid)o]
Hale] 492% A=E AANTE & 4 dden, I tFes FIHANL) (palmitic
acid, capric acid, lauric acid, myristic acid, pentadecanoci acid, margaric acid,
stearic acid, arachic acid)o] 301%HE  ZAAF U= oEEEIA|EHA
(linoleic acid, cis-11,14-eicosadienoic acid, cis-8,11,14-eicosadiediencic acid, v
-linolenic acid, a-linolenic acid, 5,8,11,14,17-lcosapentaenoic acid)o] z}A|gHE & 4
Ut (Table 1.3). o] FolA Folatd e thgE LAY R o) AEsl= 2
7T oM E EEEEA YR e] N-6 typed] AMARel y-linolenic acid 9t
N-3 type2] A|H}4FQ] a-linolenic acid, 5,8,11,14,17-Icosapentaenoic acid?} 34 £

gtk AR S o 5 et (Table 1.3).

,14,
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Fig. 1.1. HPLC chromatogram of phospholipids extracted from U. marinun:. The
samples (0.4 umol of lipid phosphorus) were injected into a Zorbax Rx-SiL
column. The standard phospholipid mixture was used the mixture of cardiolipin,
phosphatidylserine and soybean (L-a phosphatidylcholine, L-a phosphatidylinositol,
L-a phosphatidvlethanolamine). CL: cardiolipin, PC: phosphatidylcholine, PE:
phosphatidylethanclamine, PI.  phosphatidylinositol, PS: phospatidylserine, UP:
unknown phospholipid.

Table 1.1. Comparison with relative phospholipid composition of U. marinum and

flounder brain. Data are mean values from five independent samples.

L. marinum

" Flounder brain
Phospholipid class

) ~ Relative amount (%) Relative amount (%)
Phosphatidylcholine 24.26 25.36
Phosphatidylethanolamine 22.20 28.34
Phosphatidylinositol - 10.54 - 18.41
Pl'?(;sphatidylserine 811 - 153
Cardiolipin 617 821
Unidentified phospholipid 872 434

715,




Table 1.2. Fatty acid composition of phospholipid from U. marinum. ldentity of

fatty acids were based on retention times of the used standard fatty acids. Data

arc mean values from five independent samples.

Fatty acid  Relative amount wt. (%) ~ Classification
Myristic acid (14:0) 1.7
Palmitic acid (16:0) 16.8 SFA
Stearic acid (18:0) 7.0
Palmitoleic acid (16:1) 6.0
MUSFA
Oleic acid (18:1) 225
Linoleic acid (18:2) 450
PUSFA
¥-linolenic acid (18:3) 77
D
|
2,075
B.u86 )'
17.056

11,3165

S I U
5

i

Fig. 1.2. Gas chromatography of standard sample profile. The standard sample
were separated on a fused silica capilliary column with DB-5 (30 mm X 0.25 mm
l.d., df =018 gm). as the stationary phase. Detection was performed with a flame

ionization detector.

,16,




Table 1.3. Fatty acid composition of necutral lipid from U. marinum. ldentity of
fatty acids were based on retention times of the used standard fatty acids. Data

are mean values from five independent samples.

‘ Relative o
Fatty acid Classification
S S ~ Percentage (%) -
Capric acid (10:0) 0.018
Lauric acid (12:0) 0.034
Myristic acid (14:0) (.437
Pentadecanoci acid (15:0) 0.119
SFA

Palmitic acid (16:0) 18.943
Margaric acid (17:0) 0.285
Stearic acid (18:0) 10.201
Arachic acid (20:0) 0.058
Myristoleic acid (14:1) 0.089
Palmitoleic acid (16:1) 0.376
cis-10-Heptadecenoic acid (17:1) 0169

MUSFA
QOleic acid (18:1) 31.670
11-lcosenoic acid (20:1) 0319
Nervonic acid (24:1) 16.550
Linoleic acid ({18:2) 30.804
cis-11,14-Eicosadienoic acid (20:2) 0.338
¢is-8,11,14-Eicosadiencic acid (20:3) 2.997

PUSFA
a-Linolenic acid (18:3) 0.367
5,8,11,14,17-1cosapentaenoic acid (20:5) 0.286
y-Linolenic acid (18:3) 0.098




AE] 7 o] uhekgh AL AR 7Y in vikre 2] whA]ell A vfokst ~FLE) IR

W A o2 @ papain (Sigma)s EV ol 1§ FAES}

o £
T

k)

il

HE »
8

e

it

=2

lo

22HE] A E9) in vitro AF2] WA A] HlekA o Uvlokd g4l

ste] B 29 13004 He opep o] el 713 wikebel mbEh vk

oft

A Mzl Al A ALY B oA veldE ok o ddd @A, L oamazonesis 9}

=

cruzi 52 71 E M papain A7} ok Av]E WHREES YEPATIL YE A
2lt}h (Alves et al, 2000; Robertson et al, 1994). wpg}ry, A~FE7}E2 FE5E] o)

ate] papain 3Ale HYubgE F3te] 100, 60, 39, 32 kDas 3 72 thFd e

©

o] papain like @ d 5o HaHolde & + AU (Fig. 14).

a4
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i )
Incubation period {months) Incubation period (months)

Da kDa M 1 . 4 3 4 §
118
118 85
85
46 46
33
33

Fig. 1.3. 10% SDS-PAGE (A) and Immunclogical analysis (B) of the extract from
U, marinum. Approximately 10 ug of scuticociliate-extract were solubilized in
sample buffer, and 10% SDS-PAGE resolved proteins are transferred to
nitrocelluose  paper. Nilrocellulose-bound proteins were incubated with rabbit

anti-scuticociliate serum (1:500) and the bound rabbit antibodies were revealed
with BCIFP/NBT.

138 M Extract kDa M Extract
200
paey)
PALE 150
150
100
G
75
74
50
50
37
ar

Fig. 14. 10% SDS-PAGE(A) and Immunological analysis(B) of the extract from U.
marinum. Approximately 10 gg of scuticociliate-extract were solubilized in sample
buffer, and 10% SDS-PAGE resolved proteins are transferred to nitrocelluose
paper. Nitrocellulose-bound proteins were incubated with rabbit anti-papain

serum(1:1,000) and the bound rabbit antibodies were revealed with BCIP/NBT.




alek 2w =91 Parauronema acutume F AR F oz A MRS 75% AEE 214
ey, vYoiAle FAAAR ol Fold vty RaHy 53], /14" F PE PC/F 7
7} 33%, 24%E A3} major 1R Ao, Ple} PS7E Z1z 11%, 78% A TS A
&ta, SPLEel 2 minor QA28 2#l4d 31tk (Sul and Erwin, 1997). A7}
Tetrahymena sp. 9} Paramecium sp. FollM %= vlaziAle PE > PC > Pl > PSgo g
FAF A vtz HaEelth (Sul and Erwin, 1997, Kates and Volcani, 1966;
Jonaha and Erwin, 1971; Berger et al., 1972; Rhoads and Kaneshiro, 1979). & 23

o 2FEAFAM et A8 Hee e
3o IEFFIA e Adel e AR Aoz JeHudh 3 9430 4
¥ & PC, PEx= Q3% Ao} Pl PS, CLE minor £ 2 UElNOT, ~FE

SNk Tetrahymena v} Parameciumn

,

JtEo A CLe] EFAE A atal ) AR QAP Ao duixed &
£ vl AR5 dehdiddth mhebd, 2FE TSR] )lAEe] AR dE9 4R
Fol AR LS Y P UM g, e o2 2T o @ 5ol
phosphonolipidele <1248 7hAl=d AA AWM oF 60% 7S A ein, 1

BRo| PCE o|Fojx] 9oty Bz vp (Sul and Erwin, 1997; Kennedy
and Thompson, 1970). 2% +=#5& X Z)A] phosphonolipide} 1] H 7)1 3]
BAa7r NAFe AF 2 ol Fad dEe F#¥ddu BHusn Qo
(Florin-Christensen et al., 1986; Kennedy and Thompson, 1970). w}&lA], & Ej7}E
el o] gitel Exjstelst FA4HY, 2 F PC/ T8 A EA 28shA &

=7h Alm e,




Hg 7hAla Qi ofefd g)5-g7d o) wiztel wated Tetrahymena & & 21%2%

cle

L 218t PCe} PEZY Fo3 %S sitopu Hudba Qe (Watanabe et al,
1980; Maruyama et al., 1982), PCWj2] linolenic acid (18:2)2] o] ZEWA, v
-linolenic acid (18:3)¢] oko] ZE713tchw K udlal Atk ¢iEo], o]fd AAW (PC
& PE)o] mmE Ak (HUSFA)S] 548 AR H5Fe ¥& 2xd dg
2185} o Salof A @] hydrostatic pressureE Z7}Al7l M)A AH-Zo whdol

At R uE Tt (Delong and Yayanos, 1985; Patton, 1975). 22 =FEoA+=

HE dERe WEe A ERde deg " Ax dFFY v FAAM=
sl ARl F Aol e, Wi, B AR A5 Fe N6 typed] T

FE A A (PUSFA)Q] v-linolenic acid (18:3)9} arachidonic acid (20:4)Z 7}X]
;S A A ATE ANl Aol N-3 typee] T FE LA LS
bRk Baslgel (Erwin and Bloch, 1963; Rhoads and Kaneshiro, 1979; Sul

and Erwin, 1997). o|¥l A#oA AFE|7lE] FAAAUE N-3  type

X

[5,8,11,14,17-Icosapentaenoic acid (20:5), a-linclenic acid (18:3)]2] Ajw}tite] &ERlsk=

Aoz Hold, ~RE|FIEL 2 FUd 2R Veluhes Al Aol gl

Lo

HAa s @ 4 dddh ey, B3 JEFAMT HAEHE der 4w
N-6 typed] v-linoleic acid (18:3)7} T4 AAF AAHY A AEF = ZHoZ Ho}
71ES gd AR dF R o2 Solg e 7t obdrt FASAAN. o
A 71AFA A N3 typee] 2k AA G52t sieEe] AR 7AFE FHde

ZAEel Hie Ao s 49 A den, oleld AWAEe 7IAdFo] 27e A

o

29050 g A2 g4 (physiological adaptation)ge] g A#4E 717
. 2384 gt} (Kates and Volcani, 1966; Parrish et al, 1991; Sul and Erwin,
1997). 2 d], 2FE 715 o9} 3-8 N3 typed] thEEZ 3t gite] g7 23
Fiohes APEE ofntm AFEFLE 9] dhekgl ME)H gl o AbEe] #HeE A
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A4 JdEe BRAAE ge Ba7h goldthn deld Qe 59, T owi

o) & G-protein F W, AR A7LpEs] &4, protease §i Fo] #IG B

293 dok (Wilkowsky, 2002). olfF 714 Fo A CryptobiasisS f{EA7]&
th7] protease  glycosomee] FQ¢ S-S pegria Ry
vl z]e) HHFe]
FATHL HuHr)e i (Xu et
Ty,
wEo gekst FYJAAEE in vitro WU FEAATE SR Hasidn

(Paquette et al., 2001). =} A& QA A7}5=H3| €4, protease, FyHeld, B8}

Cryptobia F A+

—

1 glew (Ardelli et al, 2000; Zuo and Woo, 1997, 1998),
UM = lectine] o] F&t A4S

al., 2001). =gk, P. tetraurellia®- GPl-anchored proteine] £8% 9&&

it

u oG e 228 B@Hos oFold o aEe] A%, wel @ diab Fol
(Vial ct al, 2003), & #o] ~FE]7}F T o|¢}
e = olFold ASE & £ U o] FelA vhe VISl Eese
321 aE & papain cysteine protease?t L. amazonensiset T. cruzi SolAe 714
gol theralAl Wa et st
sFUAE FEEYANE
papain cysteine proteaseo| Wt W W& B3l AFEHZIFE ¢hEE M EF
npA7}A| £ papain cysteine protease’} #23F 98-S 3 Ao ALRECh LI
oleF HAsol in vitro HFIIT TR FHUAEC| ARAAY gaste Ae &

FEIFES) &5 ggAld o] §4Ee] a3 A¥8E A Ferh FEHAL

79} life cycle FQtoll o] &AS] digh napyk

(Alves et al, 2000; Robertson et al, 1994). 1|22,
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vogol A 2FesbEe AR 9 o $U48 2.

1. AFE7 Ee A A" F 70% 7he dxdeln, vUrlixe F4AAER A
ofZ <tk AFE7Ee] A AL AH] & 2426% PC 2220% PE, 10.54%
PI, 811% PS, 6.17% CL3} 28.72% unidentified phospholipid (UP)2 A=A ¢
oo}, PC, PE & UP& major ¢1z1dolu}, PIL PS, CL2 minor 1A E & el
2~2FE| 7o) dAd B FARAN] AR 48 GC-Massg o838k Zhz}e]
lAd 2 FAAAL WEsAA B8t A S ogatsle] GC-Massz 2
A3 3l & Ao = ohEB EE AL {linoleic acid, v-linolenic acid)e] 52.7%7}=-58 =}
At Uz @Y B E A A (palmitoleic acid, oleic acid)e] 28.5%9} 314
14 (palmitic acid, stearic acid, myristic acid)o] Yvr| x5 2232 &4 F U

FAAAL dasle] GC-MassZ #4351 S Aol G A a4 (oleic acid 9]
5 &)l Azl 49173% AEE AAFE ¢ 4 AN, 1 vser FARL
(palmitic acid®] 7 #F)o] 30.095% A= A&t ezl gFE XA W2 (linoleic

acids] 5%)0] AATFL & 4 ATk

2. 2FEIEe gdd gL AFEE 2 papaindd HE E7EZEY FAE
ek, 2FE7FEY in vitro BlFA S WdEA Ol Hdte] vkt gl WslE
western blotting© 2 Z A3t Wy vy BAS %3] ¢hd band7l 2 &
obe in vitro ¥REAl LT A M=7h AR ALY EoEE & F UMY T

papain cysteine protease?] A5 o} &3l AFE IS di g HEREEA] B

|

4

o g9 wes) EAge @ 5 AR

_23_




A2 G ~FEUANES S5 790 9o} PC sl RATLY A%

izl e MEEE FAste Fad 7B 242 Axule] ofF 7hA] dAbgg S
Falo] MEde] B weSs friEez FHIM, HANYA Y HE FaF
AqEs ddol doA A 53, AEep MEAtele] $8F FEARC FFH
qEE e ez dHA dn MEM AAvs Fddte AdAEE PCOPS,
PE, PI 5ol 2l ZAex 4dd don, of & PCe 94 # 24 ¥ad dEd
A AR 83 AEOE dve)Ad 2o} (Harnett and Harnett, 1999). o] 2] dt z}2}2]
DAL AANAN Bolgerw EAste Arraa sl o) el o
bA A AR R A3 G, S| A4l <A 7hhREE 4 (phospholipase)&
8.3k lipolytic @424 ¢1x & 9] estert} phosphodiester bond 2 7l=E33l= &
e dActh dAE RS RAES o Ade AR @ HelE ETE M
AL A Fagh 82 sdsty, v shpEslel ofal AAdw 23k tiARt
L (second messenger)2 A AEZAG FAA Slo]A Fad dge soha U A
21t (Rebecchi and Pentyala, 2000; Cockroft et al., 1994). PC= 2 ¥ 79 7}
G Aol it A HGT A& dor (Besterman et al, 1985; Price
et al., 1989), o]7-2 PC-PLD (phosphatidylcholine hydrolyzing phospholipase D)t
PC-PLC (phosphatidylcholine hydrolyzing phospholipase C)2 Wwslo]25 9lo).
PC-PLD= PCE 72383t tjAPE & phosphatic acid (PA)#} choline-g A 4d 8}

H, AA¥ PAF diacylglycerol (DAG)Y lysophosphatidic acid2 HEste] o}

..424_.




A F el mitogenesis?]  promotion, neutrophilsell A1 respiratory  burst®] 2},
specific  protein kinase % Q1A H el fAEd ol alel  ZAI3le} actin
polymerizatione] gt @& 5 MIW thekst dejd viwol defsoia g 2l
t} (Exton, 1997, 2002, Knauss et al, 1990; Olson and Lambeth, 1996). PC-PL.Ci=
PC2] phosphodiester bond& 7%l 5t thAl4HE 2 DAGS} phosphocholineo] 2t
2 Fe) o)xAEE A (second messenger)E WIETHT &t} (Rebecchi and
Pentyala, 2000). ©] & DAGE Al £ e PKC (Protein kinase C)zhe @i a8 &4
Al A AFEW ] ohekg diAh 4 9
1998; Han et al., 1999).

sl @ 2@ A Utk (Wakelam,

ML

Axf AT ] PC 7bpga] E4o the A+ ddsbA dr4soia em gl
t}. Trypanosoma cruzi 2 Toxoplasma gondii £o|A FEal® AAA7lFREsfas D
(PLD)x- 714 23 =509 §-2 8 communicatione] fejgicia el glow,
olg g AL PLD7L 2jF-& FHlEo] w3 o glojAd Fad 93 oo
AE A st (Connelly and Kinerszenbaum, 1985; Saffer and Schwartzman,
1991). AR 3 F9l Tetrahymena £2] vjoko| M early lag phascoll 4] PLCS} PLD7}
MZE (survival), Z& (death) 2 ¥3} (differentiation)s ol #J3}™, hormonal
imprintingell = @#oigiin Bastgiew, 4% PLD S 98 @& AZNEs
ol MEALE (cell death) S A¥AZId Hu3lgrt (Kovacs et al, 1996; Kovacs
et al, 1997, Rasmussen and Rasmussen, 1999, 2000; Wang et al, 2001). ©]&o,
Leishmania donovani Z o} A= PC-PLD7} ¢4 (acute) osmotic stresso] thdk uH3-&
e Husa glov, EAMESSH 4oz Lo donovaniol=  human
PC-specific PLD2] types} 3+ F FH< PC-PLD7F EA3ttta X183 td (Blum

et al,, 2001). Paramecium Eo| A= PC-PLD9} #-4A}3 &g o] protein phosphatase]
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ek B4 5l By dele] R el o thei Ao} ciliary motility 2F cellular
cargo transportell A dynecinse] Zzoll F8.3k «1%S grpir Barsu vt (Grothe

=)

et al., 1998).

PC-PLCE EFF MEelr A F= A7t & sl A2 o) Azue o
okgl signal transductionsl] #Tolsts G2 dejr glom (Albi and Magni, 1999),
ZHH AES mitogenic signaling, W A4, Fas-#Ae] #3292 xeA Fe
receptor2] #ell 2]8F inducible nitric oxidase synthase (iNOS)E $¢ NF-kB
transcription factor2 4 2&%ciy B2 dtd (Shin and Han, 2000; Han et
al., 1999; Lennartz, 1999; Bestermann et al, 1985; Sands et al, 1994). @4 =%-of
A e]®E PC-PLCY rat liver U] 9] chromatine] =232 A4 DNAL A5 =
olFckr RBuE7|= st (Albi and Magni, 1999). AlFHFollAle thekst FolA
PC-PLC7} FAE 3, 1 5o yr& = <lt} (Tiball, 1993; Jepson and Titball, 2000).
Clostridia A7 7ol 9] PC-PLCE hemolytic 843 43 3 &AS 7Ttk W
E 3 gAY (Tiball et al, 1989; Preuss el al, 2001), Bacillus cereus FolAM e
hemolysis &4 2 sphingomyelinase &4 7175 Bax 3 8lt) (Pomerantsev
et al, 2003). NN FF/ A2} PC-PLC Trypanosoma sp EollA w30 thdt 52z o
A5 Soll #oddtn Bw glow, T. gondii o4 PC-PLCIF 590 g -3,
AE F24] 2 e=F:Axo] TNF 4839} acidic sphingomyelinase Apojoll 4 3%}s}

o] TNF-a& @48 2)7itt 255 2ot (Ricard et al, 1999).
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rAshE el o] 7l phosphonolipidZ “FA4s1e)ld glom, o)Az} Q)= 27}

HEA7 HRFe HASFe old  Fadt A(YE vy Husa Qln

o) 7+ Alo| phospholipases} olwdt 7|52 & AAE EAsax sy, o)

o~ RN |
= fl3 2FEEUe PC rberdlais 4, 94 2 AeH 7)sE erslauz
st
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L 2qesEe) AQAerd 529 PR

sqE el e L oy

AFE e Rele WA 3HhE {A, Paralichthys olivaceusZ clean bench $hel A

F § &, =HE Aol 1 x Hank’s Buffer saline (HBSS)o] ¥-& %, 308 3¢
deo] Tt 19 thE 1« HBSSE Wit HaloF E-tubeo] ol 1,000 x g 3%

T A EEEE T AEAE vl efekslE CHSE-214 F3hAlx (10% FBS, 100
U streptomycin & penicillin G)ol] 53l sjkrlelx 18C, 543t sj}st A} =
& 0.1% yeast extract i A2 o] &3] Hed A wiAdsAT. wWEFH AFE|NFT S

* HBSSE- o] &3led 1,000 x g, 3% w9k 3W A Hg £, Ao Agsr] d7bA

75T ®osste)

12 144 74

1

AxANFRANELE Fel57)9]8he 75T Rp® AFEAE (107/ml < 2008

==
=5

Hr
Ho
R

& 20 mM Tris/pH7.5, 1 mM EGTA, 1 mM PMSF (homogenizing buffer)g %
7}k F, 2&97] (Branson, USA)Z 4ToA 30% F<t 40%, 3 #2343 o)A
& 47T, 1,000 x gellA] 202 F<F A4Eeld & 4F3HE thA] 47T, 100,000 =< goll
A1 A 2UARYSE . UG Ao AEA (cytosol extract)2 o}z
of e AHal HAHL e, AHE (pelle)e Al 1% triton X-100& E§H3}
= 72 £9 (homogenizing buffer)2 7 7}3ld 1A17F FQF 4Tl A ugksle] 85

OJ]

AA 4T, 100,000 x golld 1TAIZE Fh wg

dsel 0 gEAg F FEE

L it
Hm

(membrane extract)® A& 3} o}
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1.3, B8 A
214 0.45 um syringe filterg AFg3led ot vk 2 M E2d &5 714 HPLC
(Hewett Packard, HP1100)-& A}-&3te] #HAetsdrt 2 58S WA Buffer A [20

mM Hepes/pH7.5, 1 mM EGTA, 01% triton X-100]2 S&3}A17] affinity

i

heparin-5PW Zregd (75 cm = 75 mm)o] 943 §, #4H-Z FNRo2 AHs 2
H oo o exyh -1 M 94 linear gradient® 1 ml/min 58 ££39

FTEES % FEEN e o x AMgelfert buffer Adl triton

14 QARNGENEL) BHEA

PC7lFR g 4o A4EAHE AAA F PCE B8dts 8 & choline releasing
assay'g AH8-3te] 2ol choline releasing 442 PC &S| 82 16
4 : 1 ¢ molar H]-&2] PE, phosphatidylinositol 4, 5-bisphosphate (PIP;), PCe} &

et

A2 200,000 cpme UEHEE  [choline-methyl  H(pam),PClA7}E  <lx®
(phospholipid vesicle)& 7|22 A}hg38te] tp& 2 3ro] A%t 714 25 ws M=
(6 py @ 50 mM Hepes/pH 75, 3 mM EGTA, 80 mM KCI, 25 mM MgCl, 2
mM CaCls 7 Eghed 125 peol] A7 & 37Tl 1437 wjkst § stop
solution A (CHCls, CHsOH, conc HCI = 50 : 50 : 0.3, v/v) 1 mla} stop solution
B (1 M HCl in 5 mM EGTA) 035 ml& o] 3¢5 270 dsAE A4y
2]l & J=g =8 05 ml 3 cocktail solution 5 mi9} He T, o] o TH

2 ['H] choline& N WA YA 2A7] (PacKard co. USA)E 243t}
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i

~FEAFY PC AR LY

A

2.1. Thin layer chromatography (TLC)

AA B PC R E&As PC-PLC oz PC-PLD o1x=2 &olaly| st

am

Chung % (1997)9] ¥WHell uje} 16 : 1.4 : 12} molar ¥]&2] PE, PI(4,5)P; 2 PCo
Bk 20000 cpm-& JENWEE  [pabmitemyloH|PC WX [choline-methyl
“H(pam)|PCE 715t QA AT9E 7142 Ab&sAn. vhge 7143 25 po)
BE HAH Zr FAEZEH 6 u)S ¥EF= 50 mM Hepes/pH 75 3 mM
EGTA, 80 mM KCl, 2.5 mM MgCl, 2 mM CaCL$ 43 &3 125 wie] H7h
3 % 37ColA 24170 ®iskslar choline releasing assayoll A] AF-&3h gkg-ol o)

stop solution A 1 ml3} stop solution B 0.35 mlg %3 w38 FZAAAG. ¥

pul

oL

o

A4 2eglg & pelletyt HZHe A48 +%3to] chloroform/methanol
Jacetic acid (75/35/5 v/v) = methanol/0.5% NaCl /acetic acid (100/100/5
v/v/vigdol g8jAA T a2 wFagokE e (TLCOE Az A

WAzl TLC plate hood tell A @zE A7l F, tritium enhance sprays U

1# %, TR plate (Fuji imaging plate)s} &7 cassctteo] ¥ 2 F, 4 Fof A4

3

"H-labeled A& E-E Cyclone Storage Phosphor System (Packard, Co.

=
U.S.AYell A OptiQuant Image Analysis Software& A8 314 ‘H-Labeled 4 4%
of YAE FlstH .

2.2. Cheline releasing 49 54 ®4

Hoag-s paEy) 18] A7) choline releasing B4 7 M HPaloA] 7hz}e]

F
ﬂl[O
rE

A F|HA AHL sy WA, wlekA 7Re zk2b 30, 60, 90, 120, 150

Bl a2 7oA u) ksl 2Alof choline releasing B4l ol 2lolAe] G A}
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slsiom], pHel digt @82 242 pH 6, 65, 7, 7.5, 8 ¢ EA&tel A choline
releasing 843 8 FAPEIE L, ek ol wieh ofete Td ZsbelA] A4 20, 25,
30, 37, 40C 3}e] g2 /)elA] wjokAlel choline releasing &4 9] WISt E 4615 ch
HA) R e PC 7t a4+ choline releasing A4S el &=d 3ol o]7t
ol &gl viauigi dol2e] WS wo| wewg zHZt choline releasing assay
Z A8 A Mg™ (0. 038, 068, 125, 25, 5 mM) or Ca” (0, 0.2, 0.4, 08, 1.6, 3.2
mM)E 5% oA choline releasing @48 ZF43Yth choline releasing &4-&
L ERY = PC-PLD+= PCspecific § e 9} Pl-specific 3 e & 7[x22 7|3 5
o]l g8 A7 98ked WA 2lF-A @9t (phospholipid vesicle)d HE ® Z+z} PC
(0, 085, 1.7, 3.4, 6.8 mM), PE (0, 6.7, 13.4, 268, 53.6, 107.2 mM), PIP, (0, 1.2, 24,

47, 94 mMyel thekgl Exolell 4 choline releasing B4 & =430

2.3. 7% phospholipase A& A 3l2] A2 Wa=4

A2 E|FFFeZRE PC-PLD 2 PLCE choline releasing 4ol glof thekst <
AANFEANEL A EA3Y e wElE FAHIT 9o A,
P1-PLC inhibitor$] U 73122, PC-PLC inhibiter¢l D609, PC-PLD inhibitor2 <&

7 neomycin 5 9] £a3)o A choline releasing &4 ¢ H3E =339t

2.4, Immnoblotting assay

AFEAFORRE e PC-PLDe A=k B 2 ofvjimite] 25 287 ¢
dle] 7|24 PLDZA & 432 9% human PLD 1 (MW 119 kDa)# human
PLD 2 type (MW. 97 kDa), flounder PLD2] t}Z 238 o]&3led western

blotting™ 0.8 »ZE|71%0) PLDe| FejS ol ok




3. & HgAl PC 7l dtel 249 JF
Falvl $18ke] w3 2] phagoeytic cells}
nonphagocytic celld] g &k A28 =Alsldh. o F g5t otefo] 4RE HASHA

r}.

J >
_1)‘
o
=2
>
-
~
~a
)
—1, h
ME
[+30)
=
bl
LN
i
E
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i
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>~

3.1. Phagocytosis activity assay
A2kgo] =2 Kwon T (2002)¢] uhgel wal AAlEy

Qe 28] dstd MS22E BHAD WA FAS 2

AR AA gl

A 5, R A7t

,mil

¥ HBSSE o] €3l nylon meshe|x o8 % o[zl9] AFHE olg] FHIEFE
34/51% percoll (Sigma)ge] WAtk 400 = g 308 =49 d4EzEE 534
leukocyte® K& ¥ U}A] heparin (10 U/ml), penicillin (100 gg/ml), streptomycin
(100 U/ml)& i gl 1 x HBSSolA 400 x g, 587 5 9 9482890 A%
o] = 0.1% trypan blue® 94 ¥, hematocytometer& o] &3} 1 x 10° cell/ml
o] ¥ =F gt AREe AFAEAME zymosand AHEErgl e, o)Al Axw
Me 308 Bt #9 & HBSS® 33 A Hske Ab&stgTh AAHEe] ROI=

automatic photoluminometer (Bio orbit 1251)& A}&3l1 o1, 7} test cuvetteo]i=

olft

0.7 ml luminol, 0.4 ml phagocyte cell, 0.4 ml2] MES FrEE 92 &, W§S
Hokch zymosan® HEL @] 208 Ao We F urgS do F AES yHo

A Axge) fRE S

3.2, Viability assay
228 (CL assay)&4st7] A, £ doldde A2 & 01% trypan blue
£ o)8e 1 42 2Fsuch WA 7§l choline releasing B4 2 HE

W AMEA FA 9 choline releasing 34 2IES 7474 FRHEE B9 F 4%
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33. off gk MEao] wiek

AgFFATE ofsUstn sadEs euF mRUelAN Bapge FEN,
FSP (Kang et al, 2003) % CHSE-214 cell lineo]¢lon, B 2

25 A7k 7)) offF FIAME W 242 DMEM HiA] (10% FBS, 100 U
streptomycin & penicillin G), 20C ol MFel 47} 10 ®/mle] =14 75 T plaskal]
A AFES 7 & F, coverslipE 92 24 well plate (Corning)oll A thA] Al ol vl
detArh Adulerstd At MEE Aol 22 ot 493 dAE AT

3.4. Host cell-parasite attachment assay

lo,

e bge] S5 Az Ad g - 2 AFAL] AAA AR as
N2 1st7] Yt Wilkowsky & (2002)9] whel whabA 72 Ade 53
ek WA, & ofFFgAE @ 242 10% FBS7t %31 DMEMelA wi<k 5A
U FE 1 < HBSSH A E7 & @A AT dolel AlEv EA ke diste] dAF
o] JJWZ (10 7 parasite/ml)-2 7z welld] g F, whkr|ol A 18417+ uj sl 4o
g oFo] Evt &, 7} wellf2] 7|43 42 01% trypan bluest FH o2 439
AE M F, hematocytometerof A 7AW Eo] ZAS ZAIHowH, FA
aspiratorg o] &3] WA E AASHT WAE AAT well2 1 x HBSSE <] &8
of 28 A3 F, 4 wello]l £0)%+ coverslipg A AT o] A& glass platec] 1
A&ttt glass plateo] TAH coverslips 10% FAF=wdHog uHI I,
Giemsa staing 4A)3t9it}. Giemsa staing ©}% 3, o]7sbelA] coverslip & 7]

WEel Bare 2Rad0.
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2 Y759 QXA B FEAA

LFEREogRE PC 71453 (Choline releasing activity)sle &4 FAS
oot 7] flEled W4 AFEIFo2RE 92 v 9 AEE (cytosol) FEE
choline releasing activity2 27343t} Table 2194 vtebd ubel Zo] (Table 2

PC 7Hedsl #de O MEZe w5 vetwed, F2 YolA ek 67% b
EATE & 5 Ak olg wE o= o] v %) HEA FSE U choline
releasing activitye] Sl 292 A&7 938}o] affinity Heparin-5PW HPLC ¥
& APt Eelstsch W & AF 1516 M Z8E (fraction)dt 27-30 #4

H FellA ® & choline releasing activitye] ## ¥ a1 (Fig. 2.1), M¥EE FE5E9]

oL

9 918 B E A %S choline releasing activity-2 ‘lelulgich (Fig. 2.2). z+zt
o] elxA g4 yield ¥ specific activitys= peak A enzyme?] AS$-= 21%, 504
pmol/min/mg, peak B 23%, 228 pmol/min/mg, peak Ci= 60%, 283

pmol/min/mg-3 HEFZE &4 4= T} (Table 2.2).

Table 21. Distribution of choline releasing activity in subcellular fractions of

scuticociliates, U. marinum.

St Total protein | Total activity | Specific activity Relative

e

b (mg) {(pmol/min) (pmol/min/mg) | Percentage

Membrane extract 16 685 421 67
CytosoI extract 38 332 8.7 33

Scuticociliate extracts were fractionated into cytosol and partlculate fractlons and
assayed for choline releasing activity as described under "Materials and Methods".

The results are from one experiment, typical of three.
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2. A5E7E9 PC 7k Eel 649 53
el e) o B M ERAZRE FAE PChydrolyzing #4858 Vel 845

o] PC-PLD, PC-PLC, £2 ¥ A A ¢& o aidxg 237 g5t PC ~}

21. PC-PLD9) §3
WA AgAg WARIESe] ojug FElE w=AE autoradiography & ©] 83t
A8 slgich Fig. 230 yEld peak B PC 7t5Es & 49 dJAAHE S phosphatic
acid (PAYE A AlstY, 10% olg-&9] &A}sld M= transphosphatidylation?] RFE-¢j)
21§ phosphatidylethanol (PEtOH)S 4 45} th. 23 WIALAFE<] PEIOHE PC-PLD
o] #ed 5x Fo sl Uz} U4 (primary alchol)e] ZAslell A Yot
phosphatidyltransfer ¥+%-2] Z#E 24 ARG B3 At} (Exton, 1997), 1
}2 2, peak B= PC-PLDZ £ H Ut o] & &3] 37 ¢&f d3AAL #8835
of &S F48 A peak B AHEA cholineg dE3attt (Fig. 24). 3 7t
F AAAFEHEAS KA Bt e choline releasing #4-3 =52 A0
Table 230]4 B npe} o] peak BE A AZFEEA AgAz oA
neomycinol] 2]&o] Fx o&Ho g s Holu, A& F PI-PLC inhibitor
g
ak B

v}

ol U731229} A= A2l PC-PLC inhibitore! D609¢] F A&l e ofF<
ghA] gtk mebA, o] choline releasing #4-& 7FA= E#HEQl pea
mPC-PLDE w3}l ch.

o
rLIo

¥
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2.2. PC-PLC?] =3

2R e b b e o PCohydrolyzing #4-8 Wl E8E9l peak A9t A2
e 2] PC-hydrolyzing €48 Vel E B8589 peak Ci A HA] tfAMALE 2 A
phosphatidylethanol (PEtOH) % phosphatidic acid (PA)= AAsHA ke,
diacylgylcerol  (DAG)WHS  AgstE™t  (Fig. 23). AAdalA DAG2 A4
phosphatidylinositol hydrolyzing phospholipase C (PI-PLC)el| 2]3A] PIP.7} DAG
9t Inositol triphosphate (IP3)2 Halsl= #AHS F3lod Y4=1AY, &2 PCPLC
o o]ale] PCEZX-E} DAG9} phosphocholine2 & Rl #4-2 S3le] 4Adg
a2 A Qo (Exton, 1997). 12z g, 2 A3 peak A} peak C8 PC 7}
w8 g4 PC-PLCY EA4Y Aoz FHHAD A8 458 o 583 517
g &) A choline releasing @435 213 AF AANe) £EFORRE A& gAMME
So]l ou3d HelzES ZFASIAT Fig 24004 ®HE uke} ol B feol
PC-hydrolyzing &4 #8& (peak A)3} M X2 {2 PC-hydrolyzing &4 2 &
L (peak O)2] AH$E 1 AA o] phosphocholines whso] Withs ALAS Ho
T4k oy PCPLCY whg 5431 PCE rbeiaiet F e oiapiltael
phosphocholinee] A% Ao g Hol peak A9l peak C PC-PLCZ F<21E U
th elE o wWas sl skl ekt QlAAEATEEEe AL AAA sl A 9
PC-hydrolyzing @4 =335 Table 234)4 Bi= uks} 7o) peak A%} Ce
lAAAF R AL AsHEZ 32 neomycindt A=l PC-PLC inhibitor$]
D092l FA3tell A FroEHoe g AAE Bolr}, deH<2l PI-PLC inhibitorg]]
U 73122¢8] EAFeM s o} d J&Fs wx @k gepa, o] ¥ A4 (peak
A ¢ Q) PCPLCY S & F Ao, 44 mPC-PLC ¥ cPC-PLCE w3t
t}.
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1.50 = e r -
T peak A +
D oes - 6000
N f=8
E’ 2
£ 1.00 4 £
2 OLaoo S
o~ [+ <o
— 0.75 =z ©
N
3 Bt £
£ .50 o \ 3
e L 2000 @
G @
< 5
0.00 e Lo o

L] v L} ¥ T v L] T T T A4

° 10 20 30 40 50 50

Fraction number

Fig. 2.1. Chromatography of choline releasing activity through Heparin-5PW
HPLC column. Membrane from U. marinum were prepared, extracted, and
processed as described under "Materials and Methods". Eluted fractions (1 ml)
were assayed for protein (-) and choline releasing activity in the absence of
GTPrS and Arf (@).

1.75 4 [~ 8000

peak C

)

= 6000

= 4000

= 2000

Absorbance (280nm, ----

Choline releasing activity (cpm, —8—)

L)
0 10 20 30 40 50 60
Fraction number

Fig. 2.2. Chromatography of choline releasing activity through Heparin-5PW
HPLC column. Cytosol from U. marinum were prepared, extracted, and processed

as described under "Materials and Methods". Eluted fractions {1 ml) were assayed

for protein (-) and choline releasing activity in the absence of GTPrS and Arf
(@)
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Table 2.2. Purification of phospholipases in U. warinun.

Total
‘ ) Total activity |Specific activity | Purification Yield
Step . protein . )
(pmol/min) |(pmol/min/mg)|  (fold) (%)
o Amg} o 1
Membrane 16 685 42.1 1 100
Peak Al extract  © ' B
CUEYME {eparin-5PW | 2.9 142 50.4 12 2
Membrane 1(; - 685 421 | 1 100
Peak B | extract ) o o ‘
CNZYME) Heparin5PW | 0.7 | 1596 228 54 23
CYtOSOI 38 332 | 87 ] 7‘177 Wig
Peak C|  oxtract | o - ) I
CNZYME! Heparin-5PW | 7 198 28.3 32 60
! . I

The extract and eluted fraction were incubated with phospholipids vesicles in
rcaction mixture. The substrate vesicles comprised PE, PIP; and PC in a molar
ratio of 16:1.4:1 with [choline-methyl-"H(pam),|PC to yield 200,000 cpm per assay.
After incubation for 1 h at 37T, the supematant was analyzed by Liquid
Scintilation Counter (LSC).
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10% EtOH
DAG

A B C

Fig. 2.3. Reaction products formed in lipidic phase. The active fraction from a

Heparin-5 PW HPLC column was incubated with phospholipids vesicles in
reaction mixture without (C, lane 1, lane 3) and with (lane 2, lane 4) 0.67% (v/v)
ethanol. The substrate vesicles comprised PE, PIP, and PC in a molar ratio of
16:1.4:1 with [2-palmitoyl-9,10-"H]dipalmitoyl PC to yield 200,000 cpm per assay.
After incubation for 1 h at 37T, the lipid products were analyzed by TLC and
visualized by Cyclone Phosphor Imager. The positions of PC, PA, and PEtOH are

indicated. Lane C, represents control (substrate alone); Lane 1 & 2, peak A; Lane

3 & 4, peak B; Lane 5 & 6, peak C.
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Purified Sample

Fig. 2.4. Reaction products formed in aqueous phasc. The active fraction from a
Heparin-5PW  HPLC column was incubated with phospholipids vesicles in
reaction mixture. The substrate vesicles comprised PE, PIP, and PC in a molar
ratio of 16:1.4:1 with [choline-methyl-"H(pam):]PC to yield 200,000 cpm per assay.
After incubation for 1 h at 37C, the lipid products were analyzed by TLC and
visualized by Cyclone Phosphor Imager.
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Table 2.3. Inhibition peak A, B and C enzyme by various inhibitors.

Compound  Concentration

Enzyme Activity

Subfamily . (% Control)
Inhibitor (LM)
peak A peak B peak C
10 71 108 68
100 58 102 44
PC-PLC D609 : -
200 36 98 30
400 32 101 28
1,000 108 108 100
PI-PLC U 73122 S
10,000 98 95 99
10 88 78 90
phospholipase -
sulfate 1,000 a7 47 38
10,000

46 44 37

The purified U. marinum peak A, B and C enzyme was preincubated with the

indicated inhibitors and assayed for residual activity using phospholipid vesicle as

substrate. Choline releasing activity was done from four independent experiments.
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AFE 74 F 9] mPC-PLD, mPC-PLC 2 ¢PC-PLC2] A 3}313 KA}

31. mPC-PLD ©] R Aststa 54

B8 PC-7 4RE G4 Asad 4L choline releasing B4 41412 ujok
A, ddes, pH, sladg 2 2E oleRst ELgA HAE 9FE 24
sglch el goFg QA wge] W v)d Solq 58 Ay, 7E
PC-PLD sk 2) EAtol Aol Hnkg-g 535 453ty 548 zAbstaa stk
mPC-PLD2] &4 wjgrizt 9 wiokewrt $7hgel ot F7stgen (Fig. 25
A and C) 0% 9 37TeA 7P & &ado] @Sk pH WUl i =
Hbg A HA pHrE 759 4 PLDYS & 4 gt (Fig. 25B). @4 go ¥
AM RuHT Qe THFY ANATIERAELS S B2 B4 dEhiEY 9
oA sladlgelu 4% ole B FAIv "5Holzkn 2l Stk (Exton, 1997
2002; Kurz et al., 2004). gie}rd, B dAqtof = mPC-PLDE &Adel% vl1uF o)t
ol gol ol Ps v A=AE £AEl/Th Fig. 25DAA] BE ukeh (o]
mPC-PLDE= 747} 25 mM Mg @ 1.6 mM Ca*' ol & Fwstelal 714 o 84
S veldgitt. o] mPC-PLD% ¥f7F PC-PLD®F viz7Fx 2 vladlg 2 249

£90| in vitro A2l PLD 840 2% cofactord] S AAIBFETE =3, QdF A

o] AR PC, PE, PIP:¢] %2] W3ld) u} 2 choline releasing &49] ¥ & *
AbEt et mPC-PLD2] @48 PC 9 PES] Z9oMe 255 A9sas PC 7

PE2] %o %&8 wx] orelcl (Fig. 26 A and B). 22l1}, PIP:ell WHate]a]=
mPC-PLD9} #42 ¥ o&AH #4L el (Fig 26). ¢ ZA2A
mPC-PLDE PIP-dependent PLDZ2 4=t} thE R nE5HFFTES EHF
A19] PC-PLD isotype2 small G protein-dependenti-, oleic acid dependent-, Ca

dependent-PLD isotype 528 A3ttt de]A ot (Exton, 1997, 2002), w4,

,42,




BoA o)A AFEE7Ee] mPC-PLDY} in vitro Aol A &4 o] cofactor2 A small G
proteiny % oleic acid9] A2 AL ZAFET o AdelA HE ule} ol
mPC-PLDY Arfs} GTPrS%3 248 small G proteinf @b oleic acide] &7} in
vitro 4ol mPC-PLD2] #Ado] ofF && v A 234ttt (data not shown).
uaba, ~FE 7] mPC-PLDE o2 o] PC-PLDE F3H o Hdch A4 £/
ZoM WA= PC-PLDE HzeEo il 97 kDa, 118 kDa A% 7)o 27 2]
g Lelx ded (Exton, 1997, 2002), ¥ HdolAd <4-& mPC-PLD7F X757
g]e] PC-PLDg} &Alsr =711 xZ delstr] €%t human PLD 1 antiserum,
human PLD 2 antiserum % x| f2]2] PLD antiserumol] thd W BAg A4
3l th. Western blotting-S 2 A)315 S Ao ofmgh WA wEE- (cross reaction)o]
e A e e E Hof oputx £ FE|FLEe] mPC-PLDe) =H7|e UFHFETE

W= o2 deje] PLD isotypel @ F 4 & AT (data not shown).

3.2. mPC-PLC % ¢PC-PLC®] 2243} 812] EA4

#2]8 mPC-PLC 2 cPC-PLCe] Ao digh w7l ¥ s, pH, »tavls
2 2 o] FRY FFE TAetglon, wde ATA G FAHEED PC
PE, PIP,9) <ke] wiglo] wpe ¥ F4Se I W3lE At F aie W
2 oHjfere FEHoT A4 FAHS UehlUT (Fig. 27 A and C). & &
22 pH wWalel] s J3S zAEHE A mPC-PLCE 6.0, ¢PC-PLC 7.000 A

A

)

3

71 2 3L JeERRSY (Fig. 27B). A in vivo ¥ in vitro /¢4 PC-PLC &

P

g4 dolM vt golv ZF ol o A MY FEFL AH Ly A
otk whehr, B AgdiMe T Eavh stavls @ daol 2 ot watstelA

A ge WEg =AY F E4v 47 vpadlgoldd dig FFdAME
25 mM FxaleA s & 8498 depdloy, ool g ddFelME 04

x

,434




mM 358 ) A= mPC-PLCZE 1.6 mM ol M+ ¢PC-PLC7} 7p& & 848 vreR

v} (Fig. 2.7D). wolr, PC-PLC2] #A5. in vitro %A choline releasing &4

Of

% e el nhoadl e d4ole) $249 cofactor 9% FIT F AN

T

ik

ol T HArt dFAAuny PFANESL PC PE, PIP2] 4] wste] wE choline
releasing 419 Wity zAle T mPC-PLCE PC =7t 71l we) &4
743, PE 9 PIP9] Foyste] o)Az wmo& A4 &4 vehich whd
o], cPC-PLCE PC 2 PEo] w5 g&do 2 ale] #7119 & 4 slor, PIPY

Fert F7beel webM e choline #4do] AaTE & 4 AT (Fig. 2.8).
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Fig. 2.5. Effects of incubation time (A), pH (B), temperature (C), and Ca”'& Mg”
(D) on PLD activity. The mPC-PLD was incubated with phospholipid substrate
vesicles in reaction mixture under various conditions. Results are the mean+S.D.
from four independent experiments.
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Results are the meantS.D. from four independent experiments.
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(D) on choline releasing activity. The mPC-PLC and c¢PC-PLC were incubated

with phospholipid substrate vesicles in reaction mixture under various conditions,

respectively. Results are the meanzS.D. from four independent experiments.
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4. S5 A PCrlF el A Vs

2FE b e e] mPC-PLD, mPC-PLC 9 cPC-PLC7E 55305419 758 &4}
sb7l gletel @A AAE (leukocyte)o] AFa 3 AL FHIUG. £ oF

Fahasel U@ Al Bdel Ealslld ATHAFY RALS ZYskr] Yol

parasite host cell attachment assay & A3} H T

41. mPC-PLD9] 93}

Zymosane]| s} 2A=SE dA MMz CL whg 2 MEE (cell viability)2
mPC-PLD2] Edef olsja dte da-s wha| grghoh mdh o FFshad Lo igh
2 FE 7R 0] B AEE mPC-PLDe o3 HoE 432 vbA gigten, =2 4

Zolol AFE)FLFEo] cystE HAFE AL el o) (data not shown).

42. mPC-PLC @ cPC-PLC9] 33
Zymosano] 2]s) 2= PR AT CL ¥H&A mPC-PLCY FolE BOE o
& whA gdgkou}t PC-PLCY Foe= ¥5 oFH oz Pirgs o4 + AU
(Fig. 2.9). Avp7E CL wkg 3 AAX 2 dopdle 48 FAFASAlAE PC-PLC
of Aol Feld e a7 vegen, mPCGPLCY F-foMs HuE o
g A Yokt (Fig. 210). o] AREZ n]Fo] PCPLCE WA 24 L) gt
virulence factor2 A} 8312 Fer7F A2 590

Fr et st mPC-PLCSL PC-PLCE] F7F AFE7FE9] F3hge] o
g A3E 2AE A S Ao Table 24004 RE wie} o] mPC-PLCE AFEFEH
#A olgFsAE WE v EuE F¥c] gl PCPLCE AFEHAAF
B A o FFaHEe] BE Mo FE oFEH R oftte] BEgo] FUlEE A

g el Althzl, PC-PLC YAlAl9l D09E o F3F Al¥e) A Helg F,
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Fig. 29. Inhibition of zymosan-induced CL in olive flounder, P. olivaceus
phagocytes by mPC-PLC and cPC-PLC of U. marinum. In control (Con), 0.4 ml
HBSS was added instead of sample. Results are the mean+S.D. from four
independent experiments. The different letters above the bars denote statistically
significant difference (’<0.05). black, 5 w; gray, 10 ui; gray-blue, 20 uf.
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Fig. 2.10. Number of olive flounder phagocytes showing viability after
chemiluminescence (CL) assay. After CL assay, the number of viable phagocytes
was counted in each cuvette by the 01% Trypan blue exclusion test. Results are
the mean+5.D. from four independent experiments, The different letters above the
bars denote statistically signiticant difference (P<0.05). black, 5 uf; gray, 10 puf;
gray-blue, 20 wuf.

Table 24. Effect of mPC-PLC, cPC-PLC, and D609 on cell attachment by UL

FIETTHLDL.

Attached parasites/coverslips

Co;ntfél | - " 152+78

Parasites pretreated with D609 N 14£13 -
”Prarasites pretreated with mPC-PLC (9 ug) 138+45

Parasites pretreated with mPCPLC (18 w) | 145:72

-i;z.arasites pretreated with mPC-PLC (36 ug) - 124+72

Parasites pretreated with cPC-PLC (16 1) 152:3
Parasites pretreated with cPC-PLC (32 yg) 16928

Parasites pretreated with cPCPLC (64 ) | 184:44

Results are expressed as means from three replicate coverslips+5.D.

Parasites or cells were pretreated with 30 p¢/ml D609 for 2 h before infection.
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dal e FelA pelsit PCPLDE RE Aol Edshs Golm ki

FAzty A A Eo] e fai® EA5Y, A4 it Y dFFNA PC-PLD
o] 7% @ EAo gt A3yl wol Ry rkKovacs et al, 1996; Kovacs et
al,, 1997; Rasmussen and Rasmussen, 1999, 2000; Wang et al,, 2001).

HA EHFe thedek TorFE PLDVE 8 FAHAG F8Y 3 wE oA
1 BAo] gdaA R E Aok #A A (lung)®] microsome g RE FE YA
# PLD+ t® 1.7 pmol/min/mg ¥ So|gh A4S veiz PLDe glALHE
2l PA2} PEtOHE AT Hixi ¢t} (Okamura and Yamashita, 1994), &
3, Nakamura % (1995)8 ¥ /5 PLD7} gEF A9} nucleotideo] 213jA &4
=, 2} &7 & AFue] PLD7F giek 454 pmol/min/mgl 2 74 I #AS
et Y BuEn vk oleid AE wiele R o E o, AFE]TS
mPC-PLD &4-& 228 pmol/min/mg F=& Y2 g X {72 PCE 7152838
T A4 €4 aFERTE o 48 vEdidch md, oA 2 fef PLD
(membrane bound PLD) #4& RhoA, Cdc42, Rac, GIPrS 53 & small G
protein Foll 2|3l AgaEo] 2oy sy (Kwak et al, 1995, Malcolm et al,
1994; Ohguchi et al, 1996; Siddigi et al, 1995), & A @ox PojA AFEF}F
mPC-PLD2] &4 3lojA small G protein 21 Arfe} GTPrS+= PLD #4do] ojm gt
Ade¢x njx A G [He), L/F #l PLD: 2, otadls 2 PIP, Fo 9
3l ol&A el AL Jelditty B3 EHY (Exton, 1997, 2002; Kurz et al, 2004),
A #H 2 Abgh el (placenta) $-#i ¢ PLDE Zga} virvigo] PLD &Add) F
2.8k cofactor’} ejujeln ®WIHE 3 2t} (Vinggaard and Hansen, 1995; Okamura

and Yamashita, 1994). ~FE|7}% 9 mPC-PLD:= vl 2 Zdgo]£o] PLD #

,52,




Aol glojA] EQ 8 cofactor® A&EH, =4 PLDAL o 4 d9drl. w3l PLD
Ao glolAl ek @] small G oprotein o|u} oleic acid9l 22 cofactor}

a3h4 sk ol X HF TAdA Exd PLD#i= ohE PLD &4& 71224l
PLD &Adol flojA Fagh cofactorx o]7} o] o] Fo3hA &gt AMES ¢

4+ AR

MEHE ZAA] 19730 H22 PLDY 2 o|&z ¥ §F PLDe] A= o
Astetd EAd gdle] Wol Hug)y &, ofF AtgelAlA E23¢ ¥ hPLD 1
a2 2 type?] Eej= 77 124 9 97 kDa o = 7)oy, zeb thokdt Q1A (small G
protein, PIP2, oleate, detergent, Ca2+)%‘—°ﬂ ola] @47 FAHIEHoAT T HEFH
t} (Exton, 1997). E-§FHNA PLD 1 type perinuclear, endoplasmic reticulum,

Golgi, late endosomes ol o] ¥ X &0, PLD 2 typeZ plasma membranesi ¥

of ¥y HuEr} (Colley et al, 1997; Exton, 2002). ¢] & AFE7}FOE
HE 9o mPC-PLDe] 2xa#e #wslnal ¥ 59 hPLDI, hPLDI type %

o]% PLD (flounder) antibodye] W3k western blottingg 2A]gtg o}, el wkg
(cross reaction)e] vlERLFR] @9rt} (data not shown). o]& ~FE|7}E mPC-PLD7}
A& deA L. donovanisd PLDS} ©2 aele] PC-PLDy} ofdrl Alsx it

(Blum et al., 2001}

A £4s W MEA PCPLDZ Bzl AR eAldl Tk MY 23 factor
Z A neutrophilsell A} = IgG-stimulated degradation (Grewirtz and Simons, 1997),
mast cell oAM= [gEe] xp=tell 2]gt histamined} arachidonic acidE f2gtn B
&= (Lin et al, 1991), o]ejgk PC-PLDe| 23] A== PAZE HEHo=R

NADPH oxidase® #4347 macrophage?] respiratory burste] #HAZin H3
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3t 9lt}d (Kusner et al, 1996; Lennartz, 1999). whélx, Z~fE]7p2c 2 HE &
mPC-PLD2] g% macrophageo] thdt 2]=tge] WH3ls £A} A SA0 42 k9
mPC-PLD9] #£A13}ell A ¥ & macrophagee] CL 2 243 e] &2 Ao vf3}e
Moe 9gel gt HoE YERUY. HEF AU ERe AR 2Rse] o7}

v B2 free living organism . 2 AolzpbA A ejH # el wle g 3o A

-

m[m
r l

Tool WA & ok AT O RAA AGFEE S0l

71 % phospholipase A2 (PLA2)¢} PLDS T. cruzi siFedo] W& 4]
o] host-parasite attachment”} Z71gltfs1 B 7381¢ ) (Connelly and Kierszenbaum,
1984, 1985). =3, T. gondiio A QA A7}FRE ) 545 25 (penetration)o] gt}
A B9t} (Saffer and Schwartzman, 1991). o] A#tEe <lx 2o} =3}
PLA29} PLDE©] host-parasite2] A3 @AM T8 dzixs &S sielgde
Ag dAsiEer Zrely, AFE e mPCPLDY S5 d5 RHEgE S44]
Aoi2 JaFo] glolond, ofF FaAFujR e AEdolA 2FEIFF ] cyst EAdo]
vehbE®  Hol, 2FE7HEY mPC-PLD7 opnte gl sbgwidte] thsted T
gondii®] 7153 FASE AFETHE ] cyst formations] $efslR] @FErE A5 A,

&2 L. donovani £ A PC-PLD7} A4 (acute) osmotic stressolf 3l =348

[
\

A4y E3FHEZ (Blum et al, 2001), 27E]7}% mPC-PLD% ot 3t& o3-S
312 Fevt FAH A

2 HEAdA 2FEIEFLERE 2 TR/ PCGPLCE AHA 4t + F74
mPC-PLC 3 cPC-PLCO} Fapgststs S48 Falel 22 M2 of Hee &4
F AW s ¢ 7 AUt 25H7E o mPCPLCE acdic 48 7HAH,
04 mM Ca™, 25 mM Mg”oleo ZA3 A 7184 & F4 Jehgorn],

cPC-PLC (peak C)+ necutral 4& 7141, 1.6 mM Ca™, 25 mM Mg olgg] &
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Aol A 74 1 2 AEE e o dits R plRolA AR 7HEY PCPLC

gl WA PC-PLDE] HAel elolA Fad @aelixel os) oo

ml:

o] PC-PLCY & Ao ¢lo]ME cofactorZ A #&3c)E AlAS =48 4= 4ok
ol AFFHAAM FAHIA= PCPLCYE &4 fldte] df F o ol2e] 8.
Sloke= Abda frAabgk Aaleltt (Preuss et al, 2001). ohobst Al FolA &4 =olA
= PC-PLCE 7|42 PCE 7laRalsle Ayl ofyg}, sphingomyelin, PE, PS, Pl
9 hemolysis B4 % 7 71Acka HuEAct (Jepsen and Titball, 2000). ©]& w}
gog ~ag7}Ee] mPC-PLCE PCo) oko] Z7iahwl 3H4do| 7+4isil, PEe} PIP,

o] gtefl= Fwo]ERoln, cPC-PLCE PC, PEe) sxol&FHo|n, PIPe] 4ol H]

~FEF O 2R fFelss PC-PLCY w37vdA Y 7Ies wwHshr] flate 4
) A Al e] Ao g 948 2 nonphagocytic o] 3k host-parasite attachment
assay S st 2 Ao AFE|FHE S mPC-PLCY: @ cPC-PLCE WA
AHES] £E AT ofF ARy AEAAS AA3AY olv w5 {A
2] antioxident enzymeo] #Adof 2j3t] ABAS AAATFI ALY, F& HHFH

o2 AAXo] 3t damages F Ao FAHHT A sFHE W 7

2

M AT we Advh peldtn Seld Qed 5, Toown oME

N

G-protein 7 ¥z (GTPase, dynamin, Rab5, Rab7, ecto-ATPase), phospholipase
 (PI-PLC, PLA2, PLD, PC-PLC), protease & #4o] B3ty HRE7|x o}
(Wilkowsky, 2002; Bisaggio and Peres-Sampaio, 2003). o] Fol|*, T. gondii o A<
PCPLCH a8/ 4FM %l e M%) AYAd 298 Giz A43dn
RByEn ¢tk o] PC-PLCY A& T. gondii o]A] PC-PLCY So]3<l A& A)Q)

D6092] HHelZ A SFAEel izt AEFHS zaEtz A ByHc (Ricard
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et al, 1999). dwrHo g D609 Fnteleis 3 g wHR whEolH o,
ook 3 (fibroblast)e] A1 PC-PLC9] # A& oAAstte ®iwlz rt (Sauer
et al, 1984; Amtmann and Saucr, 1987). X2 Ao BE niel o] D6092
el 2FEIFTY olF FERAZ g R gl AAEHA, A4
cPC-PLCE] #7p7t o st o] gt 2=FE] 7k ¥-3&o] 43t FrhHeld
S Ugddnh olys 234ES nieto® sto] B o, AFE7EFS mPC-PLCE
olulm ~AstEl7bEe] AEld v)sdd #Boste Aoz A AN Axe] =AY
TEY A dgs stelet #9Enh. 2o W] 25ElvbE Y PC-PLCE b

r°“

A9g Felel AZEEH S8, AT e Aol G ¥ host-parasite
attachment 4@ & Folo] o @mgo] 479 HFAe] F2 A2 Telgrhs

o},

)\})\1 OE_} s 1

i?.,
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Bogele 2REAFHY Q4D AsEEs 4888 54 2 2 A8

7
zAebE e ARET SO 2R e PCE Soldoe Rests 23RY sFeRA AL

it

Gl

25 AAstger. ~FEFEe o 22 E PLD (mPC-PLD)E ¢9loni, o o 4

Ty PLC (m- & cPC-PLOE 212} 4t} o) B459] Mdga s 5S4 9 4

eV

5 7152 sk

2 HIF O 20 4L PCPLDY 54
225 B 7 el w fef el PC-PLD (mPC-PLD)x heparin Z-g o H#4d-& 712 H A
el 2v, 228 pmol/min/mg F=g] Holdt &AL vehisith PLD &40
2le) GTPS 2 Arfel 22 small G protein®] &2} glelw 2413 7 ch thekdt
human PLD 1, 2 g o] PLD Aol tjdtd #Hefuh3-S e gfong Hg
N2 defe] PCPLDSIE o + dsith dsatd S4& Fatol, 37T, pH 7500
M 7bg 2 244 dEhie, b 1.6 mM Ca’, 25 mM MgTol &2 A5l A
PLD®] 743 & 84S viebys £d o 5 AUk ol¥§ AL P ES PLDA
49l EAu go] Ca™ and Mg™ ©] in vitro2] PLD #Ale) gle]A] ZF a3 cofactor
)& }ebdich o] &AE PLD inhibitordl neomycind] ojair <oA=}, thekdt
PLC AsjzlQl U 73122, D609% o 2lafire ofbfd wkgo] “eGR] @At o] &
2o 2FETFIEAMY PeS FHE Y] st AF ofF FaA R Qloja 2F
E)7}E9] M R gloA o] mae] JeE ARG SA fo4 Ae W3l
E el A guach gEo], g Az tig CL vhgg ZARETA S Al /oA
sle gagAEe] AgAde] was JehlA @ten, ¢, JHEe] YEECE

¥ G8e UEiA 2tk ol Rom vjRo] AFEs3el PLDE obtE 4
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2. 2 EIFOEZNH A2 PC-PLC] 54

2FEF O 2N E 948 PC-PLCE heparin 248 53td AAsojxon, vt
qEANA Zhzh T E2HE Auvk [doline-methyl-"H|(pam):PCE o] &3¢ choline
releasing activity 241 zbzh 12, 3.2 wj&} 21%, 60%2] FA&S 2L 5 Ak Z
Zte) Ao BAE FaM = feie] PCPLCe H4 pH 6.0 ofuf M2 fo
o] PC-PLCE # A pH 7.0¢|8, Ca®" and Mg® = in vitrool 4 PC-PLC &4
o] A FQ3F cofactorg X @ rEFHY Adst 7 &4E5e A9 F PC-PLC A4
A D609l 2jsl A A=, PIPLC Al U 7312200 ofsive A=A &
okt PC-PLCe| AR E7hES doy|ed UolM e AF =AM o] fie HANAXE

o CLWgE FaA/lE 5342 7

ut,
o

- @ S oggom, oleld CL whge gat

HED o] PC-PLC7E thz-pe) vlutale] fojd oAl vebhth. CL wig § 4
Maze] MEs mwmgh AEd fFo PCPLCAA Fold UA ZasAnh GEel,
nonphagocytic cell lineef] ¢lo]A] o] &AE 9] host-parasite attachmentE #3515
Al Alxd Fee) PCPLCY Hrbe 7288 F7RA7Iv, 2 faAlle PC-PLCE
obfdl FFo]l e, De09e] EA St He AFEFFEY] Faso] $ds] oA
Holdg o = Ut ol2F dHE S olntxe AEY Fde] PCPLCE AFEF}
o Ay 7lsel dofdte Aew HopA, AR e PCPLCE SFME

T

of HEAS] F2% AAELA F§3x 4est FAH )Tk
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A3 g 27EAEe BA MalEas) 2

J;m
K9
ghe
2z

Aol MM FoZHE SWARE S (protease)e] FRY, P ¥

Jm
o
2
=
=

|~

A7yE @eol Ruxi Stk o5 iEE A#se te FEEE ik

ok
ol
ulfy
o
=

og de A7E FE helminthe} protozoa A% 2 FEZ o|FolA Ut o]
8  proteolytic enzyme$! protease= &5 (host)®}  |AE (parasite)It&]
pathogenesis 2 =3 Wold] s Aol glaw, 739 nutritione] &= o $-
dAsidy EuE R 9ty (Mckerrow 1989, North and Lockwood 1990). Protease:

peptide chainofl o9 7] =88} =1}e] e}l endopeptidases$} exopeptidases® 25

-

ejAd, #HaA7A A 4719 aspartic (carboxyl), cysteine (thiol), serine
metallo protease® FEE O] 2t} (Mckerrow 1989). o) <& cysteine protease= %

& FolA Byl ¥ SAdo] Basan glor, thA] papain ¥ calpain AlEE o]

uln
»d

2
32

a, o)y Be FE HMEFolA EelEle] 23] Fo]ARl 71H (substrate)
2 A A (inhibitor)7}h gl Atk §@A papain like cysteine proteases
cysteine protease classe] 714 £ subfamily2 FTE3 254 AA 24 d9 o}
Elipe, £ niole 2y dE| el M gt B FE et (Turk et al, 2000).
EE papain-like cysteine proteasesy F %529 F signal peptide {pre enzyme),
propeptide (pro enzyme)9} catalytic domain (mature enzyme)° 2 FA AT U
A Q) (Sajid and Mckerrow, 2002; Turk et al, 2000). ¢] & prepro region
(enzyme)?] 71%5& sl dprEla 9w WA catalytic domaing] wwlE
foldingg& 93 -7x7% 9&, endosomal-lysosomal compartmentol] proenzymes2]

transport A3, catalytic domain®!l H|E43S 2%k  high-affinity reversible

w59,




inhibitor2 ¢ 98 &8 v}y H 13t} (Sajid and Mckerrow, 2002; Turk et al.,
2000). &4 papain-like cysteine proteases®] catalytic domains (mature enzyme)i=
olp -4k 2202} 26070 = P, KLE cysteine proteases= FE3A O R cysteine,
histidine?} asparagine 7ZF7]&2 o]F 0|7 conservedt active sites [T K 18FH

L} (Sajid and Mckerrow, 2002).

AR MzAlolA thdT cysteine protease®] F8AHE Wl Ml 7Z= 3

papain A E2A HuHe|xr], Foigt |4

A

o84 AT ByHR U
(Kelley et al., 2003). ©] % Papain #| 42| cysteine proteasei= F = cathepsins #

4 EF HOA oo, ol MAEEL AETR dojA AEeA 2 oy
4 9ARRA a3 9d8e dopn dHA ) (Lecaille et al, 2002). & =)
cathepsin cysteine proteases= Leishmania mexicana (Robertson and Coombs, 1993),
adult Schistosoma mansoni (Caffrey etal., 2002), Acanthamoeba culbertsoni (Yun etal.,
1999), Trypansoma cruzi (Cazzulo et al., 1989), Paramecium tetraurclia (Volkel et al,

1996), Tetrahymena spp. (Karre ot al, 1993; Suzuki et al, 1998), Plasmodium

falciparum (Rosental  and Nelson, 1992} 53 32 clefst 7)Al 3 Sl Ham

gle.t, o}2]3} cathepsin cysteine protease® & F a3 7|52 71Ady 2484 )

o

Hz) 7] F ol A 2] cathepsin cysteine proteaset= Al &3

_]_?&_‘

N

H 7Isel vFstAd Raus

3 9le 53], virulence factor2 A Z&/9 ¥ 5, &3 3 Y, 5 493

)

o s, AEL 7 Bel, 57 Weitole] 37, 4Y 4#, hemoglobinase activity
Sy 2o kgl Y)eg Aty Haudgoh (Mckerrow, 1989; Sajid and

Mckerrow, 2002). ute}x], 7|52 cathepsin cysteine proteases] tigt -t 7|4
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A E Y38k vaccine ! chemotherapy o] dldo g2 o w3 glth B oA

DSE el e ] vhekst @9l Fol papain Al 9] cysteine proteaserh &

o2 V5g st 2PHAG. weia, 2FEE o258 A proteases]
g8 A, 1 BAS ZAR A A2FE]7ME 2] cDNA libraryoll A cysteine

1

protease2] Sk A5 9] cathepsin cysteine protease® FH =iz FHAE 29, &3

2 A A YeS e sETh
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. As 2 Wiy
AFE 79 113 proteased] 4 54 7AA

11 =FEj7b5e] 2 9@ it

SAFEFES] 2EE viA gdE JdR), P oolivacensE F-7) telA] RS 3 &,
wZ #Aule] 1 x Hank's buffer saline (HBSS)ol] & F, 308 Fot 2ed) =9t
18 e 1 x HBSSE Hif #3902 E-tubed] ol 1,000 x g 38 EoF H4lEs)
sttt AEd-S ule] vjoks)® CHSE-214 #3834 E (10% FBS, 100 U streptomycin
& penicillin G)oll HE3te] wjriolx 18T, 54 2+ wF3 A ZF2 01% yeast
extract | x| & o] &3] Aol witstdth wlgE ~FEYHES 1 « HBSSE 9]
H3te] 1000 x g 3% < 3 AAHGE F, Ao LT d7rA BT i

AU

1.2. Proteolytic activity &4
Proteolytic &4 542 HHHH o] WHo= Sstqnt AH M2 Keene

5 (1986)2] HiWe| welr] SDS-PAGE A7|%9%F <tol A gelatin, BSAS H&)3}

lg
olr

o2 43¢l Separating gele] 24-& 01% gelating T @3l 12% gels A}
£33, stacking gel2 5%E AF&&AUCE A2 E sample bufferv substrate
sample buffer [0.5 M Tris/pH 6.8, 10% SDS, 20% glycerol, 0.02% bromophenol
blue]& Alg3tson, WET sample buffers 1: 12 3]4g F, £ glo] welld
FU3tg k. 15 mA constant current® H7Z|9%F5F &, gelS 4T YAl 2.5%
triton X-100 86 FA 3] wHtdtHh o] geld thA] 37T wjgr)o] developing

buffer [50 mM Hepes/pH 7.5, 1 mM CaCljoll 12~18A]3F wikstdd. vk =+,
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geld 0.1% commassie brilliant blue staining & A3l o 2 steih. Proteolytic
band+ gel2] backgroundel] Bl&fe} spabA) vigldoh

PR Combs  (1991)e] s ot wdlate] Abgstalu. Alge |2
azocasein (AZC, sigma, Co. US.A)S AM&3lst). W4, 4&F2 =53 100 g8 cell
fysate (100 pg), 500 p¢ &< (20 mM Hepes buffer/pH 7.0) 2 100 p¢ AZC (10 mg
/mE #®e & 377, 2247F diek Fgnd o]Ae] 05 ml 10% trichloracetic acid
(TCA)E HolA Wrgg TAAZ o)L 13,000 « g 5% F¢ ddEests 4
FAE 366 nm2| FAFoHM FFES FAFAY olors MER So} FHd oS
#4-8 =437l Yol N-carbobenzyloxy-arginyl-arginyl-7-amino-4-methylcouma
rin (ZRR-AMC; Sigma)2 A}83}e] peptidolytic &4 S 3F=A7| (flurometric
count) B 233Ar)t 24742 20 mM Mes/pH 5.5, 5 mM dithiothreitol, 40 pM
ZRR-AMC, A1Z5 7 g A &2Fo] 100 w A 3bed 108 7+ 37T ujFg
%, 380 nm 9]7] (excitation)?} 460 nm 7] (emission)Z FHIJem, 1 U 3

70 18 7+ AMC2] NH:>-Mec (in pmol)2] 48 dAAG.

1.3. Protease &Adoll ti¥l z}=£ activator ¥ inhibitore] <&k

Protease @40l ™3t activator®] HE-g LolR v} Hste] w4 cysteine protease
activator2. 94 & DIT % EDTAS] g S48 Folns] fste] w4 27
o] AZ, g9 714 (AZC or ZRR-MCA)d] DTT (1 mM, 2 mM, 10 mM) % EDTA
(5 mM, 10 mM)& FH7ISIETh o5& Hik &, drish 2e WS AR
protease activity2 =43} t} Protease Ao thdl ztF AAASe dLS o}
H7] 13l olw] 4eA Yt aspartic YA #)¢] pepstatin (50-100 uM), v 7}
(irreversible) cysteine DA A 2] E-64 (5-20 pM), 8|7} 3 serine Al A ¢l PMSF (1

mM), 2 chelating #3H= 2 metallo protease A A ¢] 1,10-Phenanthroline (1-2
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2. ~FE]7}3 9 cathepsin cysteine protease §-AHAES T3y, ¥y o

54

2.1. Strains, cell culture condition and plasmids

B A Fo|A 2FE|F} cysteine protease F7Ae] F2d 3 plasmid DNAse]
transformation 53 AlE-%3= o5 (bacterial strains)2} plasmid= National
Institutes of Health (NIH; Bethesda, MD, USA)2 X2 ¥ 42 E. coli DH5aMCRE&
AL4-8l% ). Ecolit Luria-Bertani broth (LB: 1% Bacte-tryptone, 1% NaCl, 0.5%
yeast extract) ®E Aol ampicilling  FH7}s] 37T, awb wjckrielM  wiFA)Zich
Plasmids T vectors series (pCR 2.1 TOPO TA vector & pEZ-T vector)s= PCR 4t

o F2Y vectorg AMEshT).

2.2, PCR products®] TA-cloning vector£2] 4% % E coli B4 A%

PCR W32 8 ZZEg@ PCR 4H&E2 TOPO TA-vector (Invitrogen)2 41 = %o}
O oue FEAle] Hadlg ugton, TOPO TA-vector 1 ui, fresh PCR 2HE- 4
wb, salt solution 1 g, TOPO TA-vector T w2 #H71Ed ligations A2 A
3087 AAS T, OE coliz FAAETRLS AAsEch E ocoli @AAEFTL calcium
chloride ¥y & o]&3}gc). LBo] DH5aMCRS Z7| wjokdt ufoked 0.5 ml-& 100
mle] LB wiAd) 7 37TolA oF 5 x 107 cells/ml (ODew= 053 =72 ujoFa}
Fok 2 ml (1 ~ 10% cells)2] wjjckal-g +838ta] 1.5 mle] A 7FE 50 mM CaCl-10

mM Tris $% &9 A7h3te] £ ARES 2H2A Bol g SN 1 4
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bowbARg b @4 RElskdal, AEds " AR $o oA 200 w8 50 mM
CaCly-10 mM Tris ghg8&h 2l 7pste] M ¥ E 24y A FebA 2ok o 7]el &4
A3 A7) s DNAS 15-20 wd 3718 5, 28 &o 502 7+ A3 o
& 427 L7l Al 28 7F heat shock AJHT. 22]x 1 mlg) LB HAZE %o 3
7T wiekrlel A 407 Fh wl Al B AEE FEEte] AgFe] AT Qe

Mg g A]e] =atact aEW v & M AE white colonyE HEFS ] A

g
e
e
_0#
R
kel

712] phagemid FZ o] ue} plasmid

2.3. Preparedness of E. coli competent Cell

B =FoA A% competent cell (DH3aMCR)2 LB brothdA] wisfA| 7|32, o
A} 250 ml®] SOB broth [2% tryptone powder, 0.5% yeast extract, 10 mM MgCl,,
10 mM NaCl, 25 mM KCl, 10 mM MgSOq4)o] O.D 600 nm gke] 0.60] & w7} 2]
18T ol A wiFAlZ ek wiek 3 HSef 108 Fa2, 4TA 10 £3F 3,000 rpmo &
Spin downAlZth A|¥ HHEE 80 mle] }7hs TB ¢%8&9 (10 mM Pipes, 55
mM MnCly, 250 mM KCI, 15 mM CaCl)e] A% &5ol8m, 4348 ML= 9L
of 3 t}A] spin downdclk 20 mle] ME HHELE TA] 7% DMSOE T iste
2743 TB 58 o A Axjold 3o 10 27 53Ut Competent cells= 1.5
ml  E-tubeodl] FF&31, -75C0) Ry ch FHAAF  (transformation)d uf,

competent cell2 MZ o oF 200 w8 AH8319ch

2.4. Preparation of DNA
E. coli 288 Zddo] (mutation)s DNAQ] %%& AccuPrep'™ Plasmid DNA
extraction kit (Bioneer)E |83} ohliA (manual) W] ozt E coliz FH

plasmid & &tk Kitd o]§3&ko] vl @A S5 TE g5 8des
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O

L 207 of)

I
!l

£&3 plasmidi= = 1.5 ml E-tube2 Y3 08 24 w74 4T &

2.5. DNA sequencing

Aol M =¥ phagemidel] e 2FE]7/1F 2 DNA @71M2E 47 93k
DNA sequencings A8l th. DNA sequencing BigDye Terminator Cycle
Sequencing Ready Reaction kit (Perkin-Elmer)e} ABI 373 automated sequencer&
ARS8l A A1 E Y DNA 97148 AR M13 forward primerss o] &8l 7}
cloneo. = HE] dojzon, Ho]lz dolel+= DNAsis for Windows version 2.5
(Hitachi software cngineering), Bioedit ZZ 138 o]&3le EA=oH}y 7}

cloneE-& 15% glycerol®2 3ted 75T o] XA}

2.6. GenBank-2- ¢| &3 DNA d7iMd B4

EST2} FHEYe 9t 9ax A7 Ee GenBank  Database  (http:
//www.ncbinlmnih.gov/BLAST/)S 53t #AAS FAslgul FAME S F4)
371 9&ted  GenBank serverol Al Al#F3=  Blast® o] &3ld A A3 o,
BLASTX (vs. the nonredundant nucleotide library)®} BLASTN (vs. the EST
sequence library dbEST) &)1 BLASTPY M2 fFHx @48 dlge, 1 =
Ad B AT BAEE P 3 58 #98gch Aligned Sequencet BioEdit g1
WS o] 83t

2.7. Cathepsin B cysteine protease?| & &1

2.7.1. PCR (Polymerase Chain reaction)?} Nested PCR.

AFEIFORRE 2o DNA libraryo] 4 ©h3@ EST A58 Ak o F
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EST 5-71% clone 0.2 %8 oF 600 bp (Blastx 314173 Homo sapiens cathepsin B
o} E value: 3¢™¢] 7-2 LJEFH) 9] cathepsin B cystine protease f%22] d¥E &
Aty ol@A Lol drMES sigte s tialel®E primer (cath 5-1, 2)9}
pBluescript SK (+) (Stratagene) vector specific primers! reverse primer, T3 primer
5 0] &3} Nested PCR v ao®w 5 wrdko 7 race PCRE 4 4)&% . Race PCR
2 9ozl oF 250 bp cathepsin B9 clone 971X g5 w0z dlo] t}A] primer
S Akl (cath 5-3, 4)3}] pBluescript SK (+) (Stratagene) vector specific primer
{Table 31)& ©]&3}o] Nested PCR ®#PH o 2 5 wako & 2815 race PCRS A X3}
H o, ok 600 bpe] cloned o] 2438 cathepsin B cystine protease fAAIE &

2935190} (Fig. 3.1).

272 ARHA 5-race PCR
12} PCRe] & (template)2 ~FE] 7159 cDNA library =S A}889 3, cath 5-1
¥ reverse primers ARE3l9] pre-heating WA= 94C 5%, denature @A 94T

30%, annealing @A+ 53T 30%, oxtension WA= 72T 1#22 3ta] F 35 cycle

.

el
=2

| A& o8, nhA|Zte & post-extension SAE 72C 7#2] Aoz 13 PCR

mn

L AAEEY. a9 23F PCRE 13 PCR AHE 2 & og AL4E3 cath 5-29)
T3 primerZ ol-&3la] PCR ZH & annealing TA A 64T 3022 3 A

Z21& 13 PCR 273 Y3},

2.73. FHAE 5-race PCR
12} PCRY F3 e ~FE|7t5 ¢ cDNA libraryE A1E3 32 cath 5-334 reverse
primerS A23la] pre-heating WAL 94T 5%, denature ©Al= 94T 30%,

annealing @Al 500 30%, extension ©A|= 72T 1522 3t F 25 cycled 4
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AlgE & denature ¥HAl= 94°C 303%, annealing ©HAl= 557 303, extension THA =

72C 1302 10 cycled A5t ol AP0 2 post-extension YA 2 727 7HE g

y

A0 = 13 PCRS 2A&kelth 2ua 23 PCRE 13 PCR AF& S Z# oz A}

£8 7 cath 5-49} T3 primerE o] &3l PCR #7& annealing @A A 64C 30

H

2 393 YA #2P& 13 PCR =03 S Fcr o€ fojx PCR 4HE
3

e

- & pEZ-T vector (RNAYo} 4913l 5t, E.cofi (DH5aMCR)oll & 238 =gk

< 2@ E coli colonyE & OhA ampicilling /3 A 2] 2o HE=o] s34
Fot wlaks]glon, wjake A EEL plasmidE S FE37] 9l o)UY =&
H plasmidE-& 71 4105 DNA G271 E5 S 3137 Y3l DNA sequencingg

H A st

Table 3.1. PCR primer sequences in this study

e

i Designation Sequence Location
] e et e e e
M13 reverse primer| CGAAACAGCTATCACCATG vector specific primer
T3 primer AATTAACCCTCACTAAAGGG vector specific primer
Common - -
T7 primer GTAATACGACTCACTATAGGGC -vector specific primer
. | o
M13-20 pnmer GTAAAACGACG(JCCAGT Evector specific primer
Cath 51 GCTATTGTAACCTCCAGAAG 869-888
Cath 5-2 GCAGTGGTGGATLCGTATTG i 814-833
Cathepsin B———- o i |
Cath 5-3 AGAGTACGCTTCACATTCAG ' 602-621
Cath 5 4 CGTAATAGTTCCAGGCTCCG _ 525-544
Cys-FT primer CTTACGGATGTGACGGAGGAT 862 882
:Cys-F2 primer GCTCAGCTTC FC’TGAGTAATAAC 818-840
Cathepsin L~ coms
Cys-Full-Flprimer (_C_T"TA(JCCG(:AA(_ATCTCTC 361-380
Lvs Full-R1 prlmer AAATAAATAAGTGTGTGATGAAT 1434-1456
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ScCiB

EST clone (partial) ——vu1 1244

Reverse Primer Cath5'—1
> 4+
Cath&'-2
T3 primer 250 bD +—
—» _—

«4—— Cathb'-3
4—— Cathb’-4

600 bp

Fig. 3.1. Diagram showing the experiments of cathepsin B cysteine protease
cloning isolated from scuticociliate, U. marinum. The horizontal bars represent the
open reading frame. Dark shade and white areas indicating 5 ¢DNA and EST
clone, respectively. The tick line extending from the bars represent both 5'-and
3'-noncoding regions. Reverse primer and T3 primer are pBluescript SK {+)

(Stratagene) vector specific primer.

2.8. Cathepsin L cysteine protease?] Z 2
2.8.1. PCR (Polymerase Chain reaction) process
2 Fox2] cysteine protease HXE BLASTE o]&3te] 7443 HAx} T
thermophila, T. pyriformis, P. tetraurelia 12Z] 32 rat (Ratfus norvegicus)oll 4| cysteine
protease {27} AAEHG oM, o] FOoENE A& F7AMEE AR alignment
§ 43 thg Table 329} o] 4 HFH @A7IAMEo] 2 Rl EATE 3}
At o 298 opmei MEe A2 CGSCWAFe SEQDLVDC @em, 53] o
HAE Blastp2 7343 A}l o Fo|A] &g cysteine protease T A Mg F
selatglth of 48F v el 7 Rge) 5

W3l degenerated primerE  Z}zh t]ARlEF on, 1 7}2HE&  Cys_pro-Forli

AN 7hE & HEF motifdd

tle
of
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Cys_pro-For22 ®dalget 284YS #l8k PCR (Polymerase chain reaction)yh-g-&-
2~ E] 7} cDNA librariecs 256 2} Z35 DNAo] Q= 18~25 mer?] 919 primer
#3He AFE3 gtk PCR cycled 13 PCR (Cys_pro-Forl primere} M13-20 primer
o] primer set)> pre-heating ©Al= 94T 5%, denature WA= 94T 30z%,
annealing ©AE= 45C 40%, extension THAlE 72T 1# 2.2 st F 35 cycled &
A1t o, vpzleto g postextension TBAE 72T 1089 =7Ho2 12 PCRE 4
AlgtEy. 28l 2z PCR (Cys_pro-For29} T7 primerE primer set)2 1x PCR
A3 A2 FYstH, &4 annealing @A A 50T 3022 PCRE HAIEAT 1,
2z PCR A3 -1 PCR #Eo] o443 DNA =719} vector YHE X3} of
730 bpelS A GEoR AP o, o719 DNA sequencings AT &
o}zl 730 bp H7]MHL Blastx® #2l3 A} ol F9] cysteine protease Tl
# FALAl el S8 sty B3], Astragalus sinicus 59 cysteine protease T
WA e fAdel w8 AnE dglow|, olu Blastpel Eghe 273 K gTh
o] B9F ~FE)| 7% cysteine protease®) X DNA M9 (730 bp)2 ujeto @ 3
o] ofA 8rE A o FEo] AV|MEL #2137 ¢dle] Cys-F1 primer, M13
reverse primer 1#]31 Cys-F2 primer, T3 primer setE8 23 (Table 31)2.2 3}
of #2492 3839t PCR AL 27| cysteine protease 4% DNA A< (730
bp)2 25 wj9} A9 {FAREIY, @A) annealing TA ] 2lo} 1a PCRE 50T 30
%9} 23 PCRo| M 55°C 3028 A3} 31, Invitrogeni}l2] GeneRacer™ kitS o] &

3 5 Gene RaceE 2 A]s)9]ch
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Table 3.2. Design to construc

Organism

T. thermiophila

T. pwiﬁ)rmis

tion of Cys_pro-Forl and Cys_pro-For2 primer.

Nudcohde bequencu

W A F

C G s C

TGT GGT TCA TGC TGG AGT TT

TGC GGT TCT TGC TGG GCT TT

P tc tmu rclm

R. HOTUtglLLlS

T(JC GGT GCA IGC TGG GCC TT
TGT GGT TCT TGC TGG GGC TT

Cys pro-Forl prlmer

Organism

TGY GGT KCW TGC TGG RSY TT

Nucleotide sequences

s E Q@ D L Vv D C

T thermophzl

T. pyriformis

TCT GAG TAA TAA CTT GTT GAT TG

TCT GAA CAA CAA CTC GTT GAT TG

P tetrau relza

R NOrveRicHs

TCT GAA TAA GAT TTG GIT GAC TG

AGT GAA CAG AAC CTT (JTG GAC TG

Cys_pro-For2 primer

TCT GAR YAA BAW YTB GTT GAY TG

GeneRaoe 5 prirver

Genelace 5 nested orimer

1476
MI3-20 prirrer
7 o <
e
a0tp
OsF1
«—

Wb

Fig. 3.2. Diagram showing

the experiments of cathepsin L cysteine protease

cloning isolated from scuticociliate, U. marinum.
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2.82. 5 Gene Race
2FEF) cysteine  protease -3 2b2]  Full-length ¢cDNA¢] Z24& 93]

InvitrogenAR2] GeneRacer ™

kits o] &3tk total RNA9} 355 8k AFE7}E
& 719 et e] wHe g Aot ol 5x10° TS o] &A HEHCE 100 p
¢] Nuclease-Free & w@o] 823 & 75T A H#Asgct Kit o Fde] whyo)
ula} CIP reaction (Dephosporylation RNA), TAP reaction (Removing the mRNA
Cap structure), Ligation reaction (Ligating the RNA Oligo to Decapped mRNA)F|
RT - PCR (Reverse - Transcribing mRNA)S 4383} t}. ] &, 5 nested Primer
(5-GTAGACTAGGTTGTGATTTTATTTICCA-3)9} 5 RACE GSP (5- CCTAAAGTG
AAAGAGTTATTTGCGTTA-3)E o] &3] Touch down PCR, Nested PCRE 33|

dojz F&2E ligation &, TOPO vectore] ol 24315t}

283 YA Be] {AHA WHo| (Site-directed Mutagenesis)

Site-directed mutagenesist= 54 DNA 9714 E S wgA A4S 9nv)dly, ojd o
Ao 7 5EE AT el iue FHe] ofv]leibE HE oprjieilom A
# E AAT G5 71se] WEtE aRFo g YeReE e & Aok dE

o], DNA A2 dad AFas 2EFs ey L4402 4 A5 7x

J)

51, promotert} enhancer 7oA oJ® transacting factor’} A3l ol® 7|5
S =AE 7] Sletd 2 AF Y FrIAD-E s AAN 28S EsH
gt Ch-& promotert} enhancerd] &A1& =430 24 I transacting factor®] &
& ZAME e o) H 7% o). Site-directed mutagenesisi= o2 7}A] o)
tsle] A= RdE, ERAHE PCRE <] 83 site-directed mutagenesis&
ol &3 AFEILE MY (ranslation)E 9 HrIMIAM TAASH TAGE

glutamine Q)22 HHHA|Y, E coli o= FAHAAE0E U435 o TAAY TAG
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il

mutation® -

mutation®¥} -2 t}& @Fom (Fig. 3.3), A&

747} CAAS} CAGE

)85k

point mutation-2

%l primere

AAlgith. PCRE

u1813} 7] 213 megaprimer PCRE ©] 83 site-directed

o] &3} site-directed

Table 3.3o1 A vfERR QL

pRE——— Cys-MuR2 I S
Cys-MuF1 N e Cys-Full-R2
Cys-Mu-1F2
e e 459D PCR product

Ist PCR ¢ yoMuF! Cys-MuR2 Purification

| | 700bp

lnd PCR Cys-Mu-1F2 Cys-Full-R2

| | 950bp Annealing
3Ind PCR ¢y MuF1 Cys-Full-R2
Fig. 3.3. Diagram showing of PCR-based site-directed mutagenesis.
Table 3.3. Spec1f1c prlmer to CR-based site-directed mutagenesis.

DeSIgnatlon Sequence Location
Cys-Eco-1F m-CGGAAAATTCAAAGAATGGAAACAAAATC 425-453
Cys-Eco-2F TATAGATTCCAAGT’TTATTTTGA | 486—508— )
Cys-Eco-1R TTCGACAAATIGGAAATTTIC 507-527
Cys-Eco-2R CATGGCAGCGAATTGATTTICAAC 561-584
(;, yis—ﬁt:ljlilzi " CAAGTTGACAGAAA IGTITA 7 B 648 667 o
Cys—Mu-l F2 . AATTATCAACAAGTTGACAGA 639-659
Cy;-Mu -ERi AGTAAATTGGGCTTTGAATTC 594-614
Cys—MuRl (JTTGTTGCTCAGAGAAGCTGAGC 81 8—840
Cys-MuR2 GAAACAAGTTGTTGCTCAGAGA 826-847 7
CysFullR2  TCAAATTTATCAGTTAGIGG 13181337
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29. Ecoli (BL 21 DE3)o M A Z5F chel 2o ¥
29.1. Cathepsin B cysteine protcase} F 37 &

41 & 3 9] macronuclear translationA]o]] TAA2} TAGH 2]+ glutamine (Q)2.8 WY
¥]u, E. coli systemell A W@ Ao gARE0 R ARG aebA, dATdA
FA ATog AMEEE TAARZYZ ¢l Cterminal H9)2] 9671 olv]x4b (Fig.
3.6)% E. coli (BL21 DE3) ol & A 7th pET-28a 44 vector?] EcoR [ 3} Xho [
siteE o83l Wb HRAAE AMYHAIZI 7] ste] R 2] EcoR [ 3 Xho [ siteZ
#H 715 primergs A &EA T (Forward primer; AAGAATTCATCAAAGCCGAAATT
TAC, Reverse primer; AACTCGAGTTATTGTTGTCCTGGGACAAATC). #3832 A3
E]7}#2] EST 5-71H clone® AF£3+$ 3L forward primer$} reverse primerg Al#
3}l pre-heating @Al M T 5%, denature WA= 94T 30%, annealing @A« 6
07 302, extension @Al 72T 12082 3te & 35 cycled AAE F vix|vto g
post-extension AR 72T 78S ZpHo R 1z PCRE HAESE. PCR AHE3
pET-28a vector® Xho [ 2 3A17F Wb F A A sle] thA] EcoR [ 0.2 3A17F y+g %
AT o|gA ASdatz e 3 HAEH PCR 4HEH vectorys T4 ligase®
ligation & E. coli (DH5a)olx] @48 288 plasmids FE3 4YdE DNAS
latsr, 1% FARE oA E coli (BL2T DE3)e] #4 H@AA b4 plasmid
TEate GrIME
#7438 BRI O - Daw = 059 W obx]2} F57} 0.4 mMo] 54 IPTGE A7hat
o 3 A wid F, ddEsiy HEE AT Aol B colivs 533t
SDS-PAGES}E Western blotting2 =313} H th

el
o

2Astgch d7)1Age] #<E cloneg o] kanamycing

2.9.2. cathepsin B polyclonal antibody )%}

B g EFE FAS AFEr) slstel Az @id (recombinant

m74_




J\O

cathepsin B partial protease)> ©v]@] a5 E7o FCA (Freund’s complete
adjuvant) e} ka8 {5420 5 dslFAelg ol £ A ANE - FIA (Freund's
incomplete adjuvant)¢t B33A 7 dwds FaAz §F HeAbstach o9k i

2 AW g Hak FA8dd vk boosting ¥, 1 FH

B8 Fol o9 gFoede AYF F, FeolN 24 E F, GARs

o wgog 25 Ao

AzadS Adginh doj FFA L 0.02% sodium azideE H7HA71 F, 75T A
A

BH g o &3l IgGTE Belste] ARl AhESAT

F

R A3 ALY, protein

2.9.3. Cathepsin L proteases] 2+

A %8} cathepsin L proteaseS vHE7] $8te] pGEX 3 vectorg o]&3le E.
coli (BL21 DE3)ol|A & A7t} o] F 98t cathepsin L cysteine proteaseg] full
sequence oA proenzymeo] ¥ &5 B = subcloningdlH o}t o] RS thA pGEX
W& vectore] BamH I3} Xho [siteS o] &35l dales FHAE 4UA17]7] Yoo
55 BamH [ Xho [siteE 71 primers A #FEHT (Forward primer;
GCCGGATCCACCTCTTTAGAAGCTACT, Reverse primer; GCGCTCGAGTCAGTTA
GTGGGAT). 32 site-directed mutagenesisdle} #HFHo 2 B cloned A&
3t 1, forward primere} reverse primerS AR&3lal pre-heating WA= 94T 5&,
denature @A & 94T 30%, annealing @A = 60T 30%, extension WAl 72T 1&
0.2 3dld & 35 cycled AAE F upxulo Z post-extension TAE V2T 789
ZA0 2 1x PCREZ AAlgt3ct. PCR 4HE 3 pGEX vector® Xho [ % BamH [ &
g

vector= T4 ligaseg ligation ¥ E.coli (DH5a)o]x &4 @3t plasmide F&3}

2

2 27 3417 whg & AT olHA AFELE A F AAEd PCR

of 49lEl DNAS #olslw, seold F4xE thA) E coli (BL21 DE3)o| 83 A§

A7 o) plasmid® FEste A/AEL ST @riAgel BelE cloned
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o] ampicilino] #7pE LBuj A& O - Do = 0.5 off v}=]

A IPTGCE %

coli = 9-33ke] SDS-PAGES =359t}
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A
3

1

A
L

7}

oF 0.4 M=% linear gradient
I

O

X
4

B

FE] 75 2] cathepsin B cysteine protease®] AA| 2 7|5 F
3.1, ~FE|FLES proteaseo] 2] 2 A A
A5 E] 7} %% homogenizing buffer (20 mM Hepes/pH 7.0)0.2 % &, 2357
(Branson, Co. USA)E o] &3lof 40%, 30% w9 33 w3ty g R2 vhA
100,000 = g, 121ZF F9h, 4ToA Y4 Reste]l 7 & HE& 022 um syringe
filter& Alg3led Aejdch. 4zt Az e 20 mM Tris/pH 7022 #H33l¥
preparative TSKgel DEAE Zts (21.5 mm x 15 cm, TOSOHAS) S o83 HPLC
(Hellet Packard. HP1100)2 ¥-2]3} o™ £2 3 ml/min, T M NaCl2 608 %
r 2 £2383 6054 80% 712 1 M NaCle] w74 &
AZ O fraction collector (Gilson. Co. France}E 1
1 Mo 9]¢ proteolytic assayE A AEHT. 2z}
e, dge 3
Ao ik

2390 82502
tube/minz =kt #}2te)
2o d7)e) e WS §3ted proteolytic Y-S
ol 4] western blotting-& 313} 9] ¢}
Ho] Wy
A oAl Al e eFat ok

3} A Lo
ol =3 28l o] FHFE M E= CHSE-214 cell lineo]9lo v, B
of
Fot

Z5] A o 3k 2 A
Ad7)e] ol ZBAME wok 2de MEM ul# (10% FBS
100 U streptomycin & penicillin G), 20T elA Alxe] 7} 10 ®/mle] = A 75
i A

4% ol
6 well plate (Corning)

Az

33
WjOF ol Al 24417}, 48AIH

)
21 A =2 F
plaskel Al M2 E AetA ¢

EEDTERITE
we

&, 20T

cytotoxicity &
- 77 —

= 2R QAg MEMO2 4H 3, FBS7F gle wjAle] ScCt
7

A E 9]




33 @A el 3 hemolysis @44 574

W2)3k protease E 9| hemolysis #4& F437] fsted 4d, dFFE2FH
buffy coatz $14Eelo 2l AlAsle] ApE dAr) JojA FFe tris SFEA
(10 mM Tris/pH 74, 150 mM NaClg 3H A2 F 47T Aok oA Al
TG 100 coll/mlzE WHE F, A1ER 37CoA 1Az ksl midE dpAlE
= gaddted, g2dg 540 nmel A FAskch dETEAE AEE A 28R

oo A¥EPE ey 100% EECZME 1% Triton X-1008 Aegg 4879 4
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m 2 3
2FE| 715 9] T3 proteased] A 54 A

A~ =g 7 E 0 2 BE] Bald EA9] azocasein 7] F ol thEl protease activity 3% &}
71 93k afsk A zrell uldk FES FAEAE s FAZte] Agel wet &4 S
7haht 2A1bA o) b e S JJeERdITh (Figo 34) =8, Aol A
protease Aol taE S U AN pHel W I BALsy] At wEA

= A% §, ol#g et A crudedt EE Qo]
protease @42 pH 445, pH 55 pH 7, pH 9 452 HAWlA A vebdS
o 4 A1t} (Fig. 34). £, 713 %S 4L pH 964 vergtony), xF8a7L
G AsA UEds 9 5 99t olel@ Aoe vwel wel AREAEAE A
o]%= acidic protease, neutral protease, basic protease/} EAlslE Ao ® U E 5] o]
Atk AFEFoRREY B3 B2A9 2Rd dgh IS &k oju2
protease activity ¥ 3712 MES buffer (pH 5.5) 3 vk 7he 2A12E, &5 #i3)

z71 9|8 zrzrel 27w 200, 25, 30T, 37T, 45CE 4A3AY. crude &

i

X

o] ¢ o) 3t protease activitys 37 TColx Huz ¥A Jelddt (Fig. 3.4).
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Fig. 34. Effects of incubation time (A), pH (B), temperature (C) on proteolytic

activities of scuticociliate extracts. The buffers were used 20 mM MES buffer (pH

5.5). Each point is mean+standard deviation from 4 independent determinations.
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2. 2~FE]71 %9 cathepsin cysteine protease A F9 H2d AME 5

AR A

pich

!

S

21. 227 E]7}E 2l cathepsin B cysteine protease?] 23

DNA sequencing 5& %£3dlal AFE 750 2RE Z2Y3 cathepsin B cysteine
protcase:= 1,244 bpo]™, o]F 1,053 bp9| origin reading frame (ORF) 2+ 33 bpe
5-untranslation region ¥-#3} 158 bp$} 3'-untranslation region HB O Z o]2o
o1& 2 o 4 2llt} (Fig. 3.5). Cathepsin B cysteine proteases= % 3507 o}vrjx=ik
©.2 o]0 preproprotein®.® TN Ut} o5 177) ¢} signal peptide®
F iz ofn]w=ALR 9] Q] preenzyme R, 68712 o}lr|=ito 2 EAE proenzyme
Bl 1) 265709 ofu|Alo # o]0} 7 mature enzyme B EZ FAAE A 3
t} (Fig. 35). o]% A AA cathepsin B cysteine protease2] S 3= mature
enzyme®] #2138 29,218 Daco]r, HUNFA<] cathepsin B cysteine protease?] A}

FYL )5k

a
[ch=]

uZ
>o

A
T

.

22. ~F 2E)7}59] cathepsin B cysteine protease % A2l §4 &4

b 2243 cathepsin B cysteine proteaser T YE LI ESOJE o] §3l &
Mg 39k, WA cathepsin B-like cysteine proteases?] thE A< 54L& conserve
=) Pro—'FyrlO3motif9} Cys128 (cathepsin B numbering)Ale] 2] occluding loope] A<
olt}. olel gt loops= F 2143 cathepsin B2 depeptidyl carboxypeptidase NS
Aol A= F Ay 27185 (His'" His N2 SA4xojxtkn Bz g (Musil et al,
1991). o] ulgto = 3lo] Blastol A HAgh tpkgt F2] cathepsin B cysteine
proteases} 23 E}7}% 2] cathepsin B cysteine protease? o}r]i=4l alignments 4

A3 gt} (Fig. 3.6). Alignmentoll A ¥.& uks} o] cathepsin B cysteine protease®]




Eo]#¢l signal peptide cleavage site® A5+ ‘GNFD” motifE proenzyme
regionell mAdslolA g8 ¢ 4 vk ©lEe), Blastp A4 Hsp Abgbap 57% ¢
7AA mo gaAe nech 1elal endopeptidased) 7]%5-& e = Cys 29, His
209, Asn 2297} A v Exo] 2len, exopeptidase2] 7S YEIUE occluding

loope) His 117, 118% & HEH o] &S &2 & 5 AUH (Fig. 3.6).

23. 23 E]7}% 9] cathepsin B cysteine protease®] F-Eurd 9 b A=

Fig. 3504 o] 2~FE}7}F cathepsin B cysteine protease&| full sequence &
4] &7 codono| g& C-terminal 29| 2] 9670 o}v]=4+S E.coli (BL21 DE3)ell A
e Az A ES 347 ek F, IPTGE o] &-31e] induction 3fe] ThA] 34]3h
gAZth AXE Hobd 1 x sample bufferel] =<1 F, 10% 3 FHoh < 2Z

SDS-PAGES} western blottinge 2 B4t (Fig. 3.7). 243 A3} cathepsin B

0
f
)
FG
I

cvsteine protease®] AR R o A bandE E 7 I &FAele] cathepsin B
) % p

cysteine proteaseol] et thF& & E Al Aekdch

24, 25 E}7}&¢] cathepsin L cysteine protease f-d 42 24

DNA sequencing 52 E3§lo] AFE|FFOTHE FE2YY T cathepsin L cysteine
proteaset™ 1,476 bpo|w, o]% 999 bp2| origin reading frame (ORF) ¢} 326 bp2l
5-untranslation region ¥¥3% 151 bpe] 3'-untranslation region H-¥° =2 o] 2ol

9] &S o 4 9ddr} (Fig. 3.8). Cathepsin L cysteine protease & 3337) of=|x4t

O

2 o] Fo] 7 preproprotein® Z FAF] 9low, o]&2 257) 2] signal peptide
2 FAHE o9l preenzyme H9, 93/49] ojrlmstoz A"
proenzymet-¢], 123 2157 ¢] ofpliito g o]Fo]x] mature enzyme Hojg
ol 9tk (Fig. 3.8). o]F Aol A cathepsin L cysteine protease?] &5
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dh+= mature cnzyme2] Bapeke 24 kDao|n|, UulHl cathepsin L cysteine

proteasce] AR SNE 4 4 AU

(]
o))
b
4
o
4
ok
ol
o
o)
o
=3
—
[P
3
o
=)
=
(o)
st
w
.
5
]
5
-
=]
T
o
w
[g]
o
R
i
>
e
Bl
o
Mz
1%

2+ #2339 cathepsin L cysteine proteasess TH¥FE AL ES ) E o] Fst &

PN
b =1

oft

Ho & signal peptide,

Ol

stk ®E  papain-like cysteine proteases= &
propeptide®} catalytic (mature) domain® 2 A4 gttt K &0, cathepsin L-like
cysteine protease [cathepsin 5S¢} cathepsin K& 3= proregionijol] conservedt
inter-spaced motif¢l “ERFNIN (Glu,Xs, Arg, X, (He/Val), Phe, Xz, Asn, Xs, Ile, X;,
Asn) S 7HAg 3w dHy ok B A A& AFE|FHF S cathepsin L cysteine
protease -F3 A5 vhkshk F9] cathepsin L #3#b2} aliment 3t9-&2]o 532

'ERFNIN', 'NSW’ motif& 742 o 4 g%} (Fig. 3.9).

26, 2FE|7}59] cathepsin L cysteine protease 7% 2}2] td

2~ E] 7} cathepsin L cystine protease 7 A+2] promature F%] (308 ofujlm4h)e}
partial $%] (100 o}n|%=4H)& GST fusion® pGEX vectorel] 74z} 49)8te] 0.4 mM
IPTGE S3HAZ-SA =2 60 kDao} 32 kDarl zbzt IHEHES & 5 AT

(Fig. 3.10).
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CCT COT GCC GAA AAA AAT AAA AAG AAA AAA AAA ATG TAT AAA CAA ATT CTT TTA ATC GCC 860

M Y K o | L L | A &g
TTA ATC GTA GCT TCA GTC CAA GCT TTC GAT TTC AAA CTT TTC ACT AGT GAA ATT ATG GAA 120
L I ¥ A S vV @ A F O F K L F T S E | W E 29

GAA GTT AAT AAT TAT AAC ACT GGG TCC ACT TGG AAA GCT GGT TAT AAC AAA AGA TTC GAA 180
E vV N N Y N T G 8§ T W K A G Y N K R F E 49
GGA ATG TCT TTT GAT 7A4 ATT 7A4 GCT ATG ATG GGA ACT ATT GCC ACT CCT GTT CAT ATG 240

G M S F D & | @ A M M G T | AT P V H K&
ATC CCT GAC GAA AGA TAT ACT CCT TTC GAA ACT ATT 7A4 AAC TTA TCT TTA CCT GAA TCT 300
| P O E R Y T P F E T I @ N L § L P E S &

TTG GAT TTA AGA GAA GCC TAC CCT AAA TGT GAA TCC CTT 744 TAA GTC AGA GAT 744 TCT 360
F O L R E A Y P K C E S L @ @ Vv R D @ S709
AAGC TGT GGA TCT TGT TGG GCC TTC GGA ACT GTC GAA GCT ATC TCC GAC AGA ATC TGT ATT 420

N ¢C G S C W A F G T V E A I S O R I C | /29
GCC AGT GGA 744 AAA GAC CAA ACC AGA ATC TCC TCC GAA AAC TTG TTA TCT TGT TGC AGA 480
A S G @ K D Q@ T AR { S § E N L L S C C RM

GGA ACT TTT GCC TGT GGA ATG GGA TGT AAC GGA GGA TAC ACC GCC GGA GCC TGG AAC TAT 540
G T F A C G M G C N G G ¥ T A G A W N Y89
TAC GTT AAA ACC GGA TTA GTT TCT GGA AAT CTT TAC ACT GAT GAC AAT 7AA AAT TCC AAA 60C
Y Vv K T ¢ L v § 6 N L Y T D O N @& N S K78
ACT GAA TGT CAA CCC TAC TCT TTC CCT CCT TGT TCT CAT CAC GTT 7JAA GGA GAA TAT 744 660
T E ¢ @ P Y S F P P G S H H V @ 6 € Y @209
GCT TGT ACT GAT TTA CCT 744 TTG AAC ACT CCT AAA TGT TAC ACT GAA TGT AAC TCT 744 720
AC T O L P @ F N T P K C Y T E C N S Q229
TAC ACT TAA AAT TCT TAC GAA 744 GAT TTA CAC AAA GGA GTT TCT TCT TAC TCT GTC CCC 780
Y T ¢ N S Y E @ 0 L H K 6 V § 8§ Y § Vv P2
AAA TCT GAA GAA JA4 ATG AAA GCG GAA ATT TAC CAA TAC GGA TCC ACC ACT GCC AGT TTC B840
K & £ E @ / K A £ /1 ¥V @ ¥ 6 .5 T T A § F&Y
AAC GTT TAC TCT GAT TTC TTA ACGC TAG TGT TCT GGA GTT TAC CAA AAC ACC AGC GGA TCT 900
a_v. vy s 0o F L T ¥ 8§ G V.V 4 N I S G 5289
TAC ATG GGA GGA CAT GCT ATT AAA ATG TTA GGA TGG GGA GTT GAA AAT GGA ACC CCT TAG 860
Y M 6 & H A J K M L G W 6 V E N & T P Yr309
TGG CTC TGC GCT AAC TCT TGG AAGC AGT TCT TGG GGA GAA AAT GGT TTC TTC AAA ATT TTA 1020
W L ¢ A N S W N S S ¥ 6 E N G F F K I (329
AGA GGA AGT AAG GAA TGT GGT ATT GAA TGT GGA ATG GTT GCT GGA TTT GTC CCA GGA 744 1080
A 6 S N £ ¢ G /I _E 8§ 6 K V A & F V_F 6 0349
TAA TGA TTC GAA AAT TGA AAA AAT TCA TAA AAA AAA TTA ATA TAA ATT TAT ATG TCT TTA 1140

@_= 350
ATC ATT TAT TTA TCT ATT TCA ACA TAA AGC TTA AAA GCT TTT TTA TAT GCA GAA TAT ACA 1200
TAT AAT GTT TTC TAA AAG AAA AAT CAT AAA AAA AAA AAA AAA AA-3 1244

Fig. 35. The nucleotide sequences and deduced amino acid sequences of
cathepsin B cysteine protease isolated from scuticociliate, U. marinum (GeneBank
accssion NO. AY450954). The initiation (ATG) and termination (TGA) codons are
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shown in bold faces. Poly (A) tail is thick underline. The gray box in the amino
sequence  indicate the putative signal peptide and  propeptides of cathepsin B,
respectively. The active site  cysteine, histidine and asparaginc residues are

revealed. The italic underline is partial expression region.
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SelUER
PRASSWES
Drozh
Smiit R
Lm tR
HstB

SclitB
TcCtB
Drith
SmTtEB
Lmn’tB

HsCLB

DriotB
SmitB
LmCtER
HsCEB

ScCEB
TcCtB
Drcts
SmCtB
LmCtB
HsCtB

S5cCtB
TcCtEB
DrCtB
SmCtB
LmCtB
HsCtB

ScCtB
TeCtB
DrCtB
SmCtB
LmCtB

- MYHEO-
- -MRYYFSLS
777777 MWRT~
————— MITS1
MAFRTKSALC
————— MUQL
F D

FEGMSFDQIQ
TSRTEYLTR-
-~ -HNFRDVD
NEFHSLDDAR
DNGHLVTGKS
-~ ~HNFYNVD

VRDOSNCGSC
IRDQSSCGEC
IRDQGSCGSC
IRDQSRCGSC
ITRDOSNCGSC
TRDQGSCGSC

GAWNYYVETG
VAWEYYAVHG
ARWDEWTTDG
PAWDYWVEKEG
MAWLWWVWVG
EAWNFWTRKG

TECNSQYTQN
STCTDKKIP-
MKCEPGYSP-
OTCOKKYKT-
TTCDNVEME-
KICEPGYSP—

QNTSGSYMGG
KHVTGVEFLGG
QHMSGSALGG
KHITGETLGG
KHVSGDHLGG

***** ILLIA
LALFTFLLYZS
--~AFLCVIS
LCIASLITEL
LVAVEVVLLA
---ASLCCLL

AMMGTIATPV
~RGASRLLGT
YSYVERLCGT
IQMGARREEP
LEEVRKLMGVY
MSYLERLCGT

WAFGTVEAIS
WAVAAASAMS
WAFGAAEALS
WAFGAVEAMS
WATALVEAMS
WAFGAVEATS

LVSGNLYTDD

SYEQDLHKGY
---LIKYRGN
LYKEDKHFGK
PYTQDKHRGK
---LVKYKGV
TYKQDKHYGY

HATKMLGWGVY
HAVRIVGWGE
HAIKILGWGE
HAIRIIGWGV
HAVELVGWGV

LIVABVQA-——-
TACHIFHA- -~
ALOSVEWAR——
EAHISVEN-~-
TTVSALYAKP
VLANARSR--

HMIPDERYTP
FLRNTSILFP
FLKGPKLPYM
DLRRTRRPTV
TSMSTEAVPP

FLGGFKPFQR

DRICIASGQE
DRYCTLGGVR
DRVCIQSNAK
DRSCIQSGGE
DRYCTMSGIFP
DRICIHTNAH

NQNSKTECCP
-~EY---CCP
~-NSHIGCRE

SSYSVPKSEE
TSYILS-GEE
TSYSVPSNQON
SSYNVENDEE
SSYSIK-GER
NSYSVSNSER

ENGTPYWLCA
LNGEPYWEIA
ENGVPYWLAA
ENKTPYWLIA
KEDGIPYWKLIA

FOERLETSRIL
EDAPTI.TDER
PRLAPLSHEM
EEKFEPLSDDI
SDIPLLGKSF
PSFHPLSDEL

FETIQN---L
ROFEEEELRV
VQYTEG---L

DHNDWN-—-V
ENFSVEEMQQ
VMFTED---1L

DQTRISSENL
~DLRISAGDL
VSVEISSQDL
QNVELSAVDL
-DRRISTTNL
VSVEVSAEDL

YSEFPPCSHHV
YPEPSCAHHV
YTIEPCEHHY
YPFPKCEHHT
YPFGPCSHHG
YSIPPCEHHV

QIKAEIYQYG
SFEKRELLLNG
GIMAELFKNG
AIQEETIMEYG
ELDHELMNNG
DIMAEIYKNG

NSWNSSWGEN
NSWNHEWGMN
NSWNTDWGDN
NSWNEDWGEN
NEWNTDWGDK
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MEEVNNYNTG
LELVNRLN-G
YNFINKA--N
ISYINEHP-N
VAETNSKA-K
VNYVNKR~--N

SLPESFDLRE
PLODRFDAGE
KLPKNFDARE
EIPSSFDSRE
DLPESFDASE
KLPASFDARE

LSCCRGTFAC
MSCCDV---C
LTCCDS---C
LSCCE5---C
LSCCFI---C
LTCCGSM--C

QGE-YQACTD
N3SDLIPCSG
NGS-RPPCTG
KGK-YPPCGS
NSSKYPPCPN
NGS-RPPCTG

STTASFNVYS
PFEVEFSVYA
PVEARFTVYE
PVEAGFTVYE
PLEVAMQVYA
PVEGAFSVYS

GFFKILRGSN
GYFLIARGVD
GYFKILRGED
GYFRIVRGRD
GYFLIQRGND

G N
STWKAGYNER
GEWTAG---R

AGWRAEK--5
GQWTAS---A
TTWQAG—~~-~-

AYPKCESLQQ
AWPKCPTITE
QWPNCPTLKE
KWPRCKSIAT
KWPMCVTIGE
OWPRDCPTIKE

GMGCNGGYTA
GYGCNGGYPE
GMGCNGGYPS
GLGCEGGILG
GEFGCYGGIPA
GDGCNGGYPA

LPQFNTPKCY
-—EYDTPTCHN
E-GGDTPNCD
K-IYKTPRCK
T-IYNTPKCN
E-G-DTPECS

DFLTYSSGVY
DFVAYTGGVY
DFLLYKSGVY
DFLNYKSGTY
DEVAYKSGVY

DFLLYKSGVY

ECGIESGMVA
ECGIEGSGVA
HCGIESEIVA
ECSIESEVTA
ECGIESSGVA

104
110
&7
107
116
98

164
166
154
164

17z

223
212
207
217
219
208

283
267
266
276
274
267

343
327
326
336
334




EsOtE  QHVTGEMMGSG HAJRILGWOV ENGTPYWLVA NSWNTDWGDN GFFEILRGQD HCGIESEVVA 327

cltB GFVPGOQ--——- —— 250
T tB GLPRIP-——= -~ 333
Droth CIPM-=----— —— 330
SmCtB GRIN-----—- —- 340
LmCtB GKPGEE---- —- 340

HsCtB GIPRTDQYWE KI 339

Fig. 3.6. Comparison of the deduced amino acid sequence of ScCtB and other
cathepsin B or cathepsin B-like protease. Abbreviation are : HsCtB, Homo sapiens
cathepsin B (AAP36125); DrCtB, Danio rerio cathepsin B (AAH44517), LmCtB,
Leishmania mexicana cathepsin B (CAA88490); SmCiB, Schistesoma wmansoni cathepsin
Bl (CAD44624); TcCtB, Trypanosoma cruzi cathepsin B-like (AADO03404); ScCtB,
Scuticociliate cathepsin B (AY450954). A vertical arrow indicates the putative
signal peptide cleavage site. (Martoglio and Dobberstein 1998; Nielsen et al., 1997)
The conserved 'GNFDY motif is shown in the bole face and italic type. (Vemt et
al., 1995). Cysteine residues shown to form disulfide bridge in ScCtB are

indicated by closed circle.
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“Hlis Cat B

Fig. 3.7. Expression, cxtractions and western blotting of recombinant cathepsin B
partial protease. Protein samples were separated by SDS-PAGE (10%) and
visualized by coomassie R-250 blue staining. lanc M, standard size marker; lane
1, whole cell lysates of E. coli with expression vector (pET-Self) only; lanes 2, 3
cathepsin B partial expressing E. coli induced with 0.4 mM IPTG for 3 h at 37C:
lane 2, total fraction; lane 3, inclusion fraction. The positions of standard size

markers are shown on the left.
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5 GGACA CTG ACA TGG ACT AAG GAG TAG AAA AAA CAT AAA TAA ATT AAA TAA ACA AAG

AAA TAA TTC AAT ATG CCT CCC AAA GTC GAC CCC AAC GAA ATT AAA TAC ATC AGA
ATT AAA GTC TTC GGA GGA GAA GGA GGA CCC GCC GCC ACC TTA GCC CCT ABA TTA
GGT CCC TTA GGT CTT AAC GCA AAT AAC TCT TTC ACT TTA GGG AAC ACG AAG GAG
TAG AGC GAC TGG AGC ACG AGG ACA CTG ACA TGG ACT GAA GGA GTA GAA ACG ACT
GGA GCA CGA GGA CAC TGA CAT GGA CTG AAG GGT AGA AAA AAA AAA AAA AAA AAA
ATE AAA ACA GCC GCT ATC TTG TTA GTT TTG TTG GCC TTA GCC GGA ACA TCT CIC
M K T A A | L v V L L A L A G T S L
TTC TTC TAA GAA AAT 744 TAG ACC TCT TTA GAA GCT ACT GCA TTC GGA AAA TTC
F F @ e N @ ¢ T 8 L E A T A F G K F
AAA GAA TGG AAA 744 AAT CAC AAC CTA GTC TAC TCT TCA AGT GAA GAT GCC TAT
K E W K & N H N L Vv ¥ S &§ 8 E D A Y
AGA TTC TAA GTT TAT TTT GAA AAT TTC 744 TTT GTC GAA GAA TTT AAC GCA AAT
R F @ vV Y f E N F @ F ¥ E E F N A N
AAC TCT TTC ACT TTA GGA GTT GAA AAT 744 TTC GCT GCC ATG ACC AAT GAA CAA
N S F T L 6 v E N @ F A A K T N E E
TTC AAA GCC 744 TTT ACT AGT GAA ATT ATT AGC GAA GGA TAC AAT TAT CAA 744
F K A @ F T S E I 1 S E G Y N Y 0 @
GTT GAC AGA AAT GTT TAT GAA GCC GTT AAT GCC GCT AGT GGA TCT GTT AAC TGG
V. 0 R N V Y E A ¥V N A P § G S V N W
GTT TCT AAA GGA GCT GTT 744 GGA GTT 7AA AAT TAG GGA GTT TGT GGG TCT TGT
vV 8§ K 6 A V @ G vV @& N ¢ G Vv € 6 S C
TGG GCT TTC TCT GCT GTT TGC TCT TTG GAA AGA CTT TAC AAA ATC AAC ACT GGA
W A F S A vV ¢C S L E R L Y K I N T @
AAA TTG CTC AGC TTC TCT GAG 744 TAA CTT GTT TCT TGT GAA CCT AAA TCT TAC
K v L 8§ F S E @ @ L v § ¢ E P K S5 ¥
GGA TGT GAC GGA GGA TGG CGCT GAA GCT GCC TTT GCT TAC TCA GCT ACC CAC GGA
G ¢C D G G W P E A A F A Y S A T H G
TTA GAA TCT TCC GCC TCT TAC CCC TAC GTT CAA CAA AAA AAT GGA AAA ACC GCC
L E § S A S Y P Y ¥V Q0 Q& K N G K T A
TCT TGC CAA TAC AAT TGT TGT AAA GCGC ACC AAA GGA ATT AAC AAA TCA TAG AAA

S ¢ @ Y N S S K A T K &6 I N K 5 Y K
AAT GTC GCC GCC AAT AGC CCT GAC TCC ATT TAC AAT GCC TTA GTT AAA 744 CCT
N vV A A N S P D S§ I ¥ N A L V K @& P
CTT TCC ATT TTA GTT GAT GCC AGT TCT TCA GTC TTT 7AG CAC TAC GGT TCT GGG
L S I L v D A S S S V F @ H Y G 8§ G
GTT ATT AAC TCT ACT GCC TGT GGA ACT ACT TTG AAC CAC GCT ATT AAT GIT GTT
v | N S T A C 6 T T L N H A | N V V¥

GGG TAT AGT GGG AGT GTT TGG ACT TTG AGA AAT TCT TGG GGA ACT ACT TGG GGA
G ¥ § 6 S v wW T L R N S W & T T W G
GAA AAA GGG TAT GGA AGA GTT 744 TAT TCT ACA GGA GCT GGA TAT TGT GGT ATG
E K G ¥ A B VvV @ Y S T 6 A &G Y ¢ G M
AAC AGA TCA GCC TCA TAT CCC ACT AAC TBA TAA ATT TGA AAA ACA TAT AAT TTA
NR § A S Y P T N =

GCA ATT TTT ATT AAA AAT TAT ATC ATA AAA ACA AAT TAA TAG TGT AAT ATT TTT
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56
110
164
218
272
306
380

18
434
36
488
54
542

72
596
90
650
108
704
126
758
144
812
162
866
180
920
198
974
216
1028
23
1082
252
1136
270
1190
298
1244
306
1298
324
1352
333
1406




TAA AAT ATT TAC ATA ATT TAA TCA AAT ATT CAT CAC ACA CTT ATT TAT TTA AAA 1460
TAA AAA AAA AAA AAA A 3 1476

Fig. 3.8. The nucleotide sequences and deduced amino acid sequences of
cathepsin L cysteine protease isolated from scuticociliate, U. marinum. The
initiation (ATG) and termination (TGA) codons are shown in bold faces.
Poly (A) tail is thick underline. The italic type {(Q) in the amino sequence
indicate gene of site-directed mutagensis of cathepsin L. The gray box in
the amino sequence indicate the putative signal peptide and propeptides of

cathepsin L, respectively.
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ScCtL
PECEL
TPCEL
510tL
HsCtL

ZcCtL
PTCtL
TpCtL
S1CtL

HsCtL

HsCtL

5cCtL
PtCtL
TpCtL
S1CtL

H=sCtL

ScCtL
PLCEL
TpCtL
$ICtL

-METARILLV

——MNWAQLLT
MRKGFAISLA
~-MNPTLILA
R FN
YRFQVY FENF
YRYKVFTDNL
YRLSVFLENL
MRLQQYKSNI
WRRAVWEKNM

VDRNVYEAVN
NAANSNEQYK
DLPILEMETL
KEVYSTPNLE
KVFQEPLEYE

LESFSEQQLVS
YELSEQDLVD
ISFSEQQLVD
QSLSEQOLVD
TSLEEQNLVDE

YNSSKATEGT
TSVKRP-Y-T
TALQGTGY-K
FEASKEVA-T
YNPEKYSVA-N
H
TTLNHBAINVV
--LNHEGVVLV
SAADHAVLLV
TNLDHGVAAV

EDMDHEGVLVV

YPTH- 333
FPILG 313
YATY~- 330
VPQL- 340

LLALRETSLE
GASLYINNTL
GLTLLGAATV
YVGVVARAVAY
AFCLGIASAT
I N
QFVEEFNARNN
NYIRAFYESP
KSIEANNANP
AFINNHNION
KMIELHNQEY

APSGSVNWVS
GA--EVDWTD
ARAPQVIDWTA
DIPESIDWRE
AP-RSVDWRE

CEPK=-~---3Y
CSGP—--YDND
CCGAQGEFGCE
CSENG---NE
C5GP--0GNE

NEKSYKNVAAN
HYQGEFEDIDS
PSAQFQVAAT
DEGHINIVPG
DTGFVDIPKQ

GVQADGA-—-—
GLNADNT---
GYGVDNGE-——

GYGFESTESD

POENQQTSLE ATAFG-----
EVSDEINTAN -——————--~
YVITRNPNAD GHLEH----7
TRLSETES5Q 3LYTADODHI
LTFDHSLEAYD ———----- -~

————— SFTLG VENQFAAMTN
E--EATFTLE LN-QFADMSQ
---L3THVEE VN-SFTDLTE
D--GTSFTLG PN-HLADYTH
REGKHSFTMA MN-AFGDMTS

KG——AVQGVQ NQGVCGSCWA
NEKVKYPAVE NQGSCGSCWA
KN--VLPPVE NQQOCGETIWA
KG-~AVNAVE DQGQUGSCWA
KG--YVTPVK NQGQCGSCWA

GCDGGWFPEAA FAYSATHG-L
GCNGGWMDSA FEYVADNG-L
GCNGAWPTDA VAYTQKEG-I
GCNGGDMGLA MDY LASAGGY
GCNGGLMDYA FQYVQUNGGL

SPDEIYNALV KQPLSILVDA
CDELAQTIQE R-TVAVAVDA
DAALOAALQV Q-PISICVDA
KFATLOAAIA EGPV3VAIEA
EKALMKAVAT VGPISVAIDA
NSW
~-SVWTLRNS WGTTWGEKGY
———=WKIRNS WG3SWGEAGH
-——-WKVRNS WGTSWGQSGY
-—QYYIVRNS WSDSWGLEKGY
NNKYWLVKENS WGEEWGMGGY

KEKEWEQNHN
LYRNWEMEYN
AFQKPERNEFG
DFVHFMSRES
~WTKWKAMHN

EEFKAQFTSE
QEFRAQTYLS-
EEFBRARYLM-
DEYKKMLG--
EEFRQVMNG-

FSAVCSLERL
FSAVGALEIN
FSTAGMLEGV
FSTIASLESR
FSATGALEGQ

ESSASYPYVQ
AEAKDYPYT-
VOESQYAYT-
ETEKDYPYV-—
DSEESYPYE-

SEBVFQHYGS
N--PWQFYRS
S—-KWSSYSK
DSLFFQFYRS
GHESFLFYKE

BRRVQYS-TGA
IRLAGG-———
ITLAAG----
INIIANGDGHN
VEKMAKDR--R

E
LYY S55-EDA
BRYTNORDEM
VIYENQGEES
KAYKSKEEFE
RLYG-MNEEG

TISEGYNYQOQ
~LEVPRTAKL
~KDLPQUMNK
-Y-KPRNKTG
~FQNRKFREG

YKINTG--KL

TDIELN--RK
YNIHESPOQTP
YFIETG--KL
MFRETG—-RL

QKNGKTASCQ
~-—AKDGTCK
---AKDGSCK
~--—-GKDQTCA
---ATEESCK

GVINSTACG-
GVLSKCTKN-
GIFSNCSAEP
GIFDSSWCG—
GIYFEPDCSS

GYCGMNRSAS
DICGICAAPS
NTCGLENYAT
GMCGICOMEPV
NHCGIASAAS

53
13
54

46

108
98

108
113
103

164
154
166
169
158

215
207
221
222

zZ1lz

278
261
277
280
271

329
308
326
336
329




Hs'tl, YPTY- 333

Fig. 3.9. Comparison of the deduced amino acid sequence of ScCil and
other cathepsin L-like protease. Abbreviation are: ScCtl, Scuticociliate
cathepsin L (not access); PtCtL, Paramecium tetraurelia (CAA62869); TpCtL,
Tetrahymena pyriformis  (BAA31161); SICtL, Stylonychia lemnae (AAF43193);
HsCtL, Homo sapiens cathepsin L (NP_001903). A vertical arrow indicates the
putative signal peptide cleavage site. (Martoglio and Dobberstein 1998;
Nielsen et al., 1997). The conserved 'ERFNIF and 'NSW’ motif is shown in
the bole face and italic type.
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ScCil partial enzyme
Bam H1 SeCil Pro enzyme Xho |

ori

kla GsT v 2

Fig. 3.10. Expression of recombinant cathepsin L cysteine protease. Protein
samples were separated by SDS-PAGE (10%) and visualized by coomassie
R-250 blue staining. lane M: standard size marker; lane GST: whole cell
lysates of E. coli with expression vector (pGEX-Self) only. lanes 1: cathepsin
L partial expressing E. coli induced with 0.4 mM IPTG for 3 h at 37°C.
lane 2: cathepsin L promature form expressing E. cofi induced with 04 mM
IPTG for 3 h at 377, The positions of standard size markers are shown on
the feft.
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2 FE] b5 9] cathepsin B cysteine protease?] A U /|5 4

3.1, 25 ¥)7} 5 2] cysteine protease 54 A

DEAE-Sephagel HPLC Z+&l& o]&38}o] NaCle]l Fxo 28 #& 7 HuHezs B
Z] Aol azocasein 7] A& o] &3ta] 37)9] = protease B4 HAEL AL 5 AU
(Fig. 3.11). o]eigt R EEE-S t}r] SDS-PAGES} cathepsin B &) o]l thgt western

blotting-2- 4 A3l Tl (Fig. 3.12). Fig. 3.1291M R ule) o) 308+ R 54

~

cathepsin B o u}3d ®adwigo] Uelds o 4 ¢tk 2 2g8e 747 2o &
amicong o] &3ty =3 =

o] 7]# 9l Z-RR-AMCE o] &34 peptidolytic activityZE =45k th

Fg AMZ S cathepsin B cysteine protease® 5

2 FE]71E 9] cathepsin B cysteine proteasee} A 3}&3 E AR
Fig. 31104 R A8 Z=FH7Fe E8E diste olv] THEeld A=
rabbit anti-cathepsin B partial polyclonal antibodyE ¢]%3lc] western blottingS
A A8FA Y. Western blotting?] A3 8% 32-38Wo) A dlgf 29 kDa2] cathepsin
B cysteine proteaseo] &}l wWub-g-ol eI (Fig. 3.12). ©]2] 3 one step
purification 142 E3}ed ZRR-MCAE 7188 A-88 &4-& ZFGAld crude %
TRy 128 ¥le] $AZ7I9 32%] yield ¥ wiAst S4o| 719 U/mgez e
o} (Table 3.4). E218 47} gelatineo] g protease TAEL == A& HMs)
%-& Aol = western blottingoll 4 & Awpe}l opazlA 2 el 29 kDag] whi Aol
AE9QTt (Fig. 313). ¢ A7E ulgbo @ 3] Tha cysteine, aspartic, thiol o
serine ©] 7} A&} o) A cathepsin B 4o ww= Z=xslth. 1 A3 cysteine
protease 9 A|AZ <ol X E-64 (30 uM)9} leupeptin (100 uM)3toll A o] B EEL

flurogenic activitye] F% £ o7 ¢A3] dags & ¢ Ao, g A4
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bled

of WaladAss kg Wz FES ¢ ¢ AAY (Table 35). WA, of FHEE2
cysteine proteased] & @ 4= 2l2dth v}, o] WHE S| flurogenic activitydl] 2l

o149) pH, ¢-xol dligh G8E FASHAS A pHel tiate] acidicqh defiel M %

g B S Jehgon, e5E 7 CAA 4d 4% "ot} (Fig 3.14).

3.3. cathepsin B cysteine protease] 7|5 4

Z: 7o ZE® AFE|7}E2] cathepsin B cysteine protease ¥ 8 E9] 7% S 3
a7 98l g, depsgo}, Aol tidte] hemolysis F4& FAE A2 Sold}
AT Jdx GFolAwk oFzhe] hemolysis #4312 el ATt (Fig. 3.15). 3 552

ol F3HAI X thgt cytotoxic S FAHFAS wl, °kZHe] cytotoxic B0l 1}

Buths e #a8 + A (Fig. 3.16).
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Fig. 3.11. Chromatography of protease activity through a preparative
DEAE-sephagel HPLC column. Samples from scuticociliate were prepared,
extracted, and proceed as described under "Materials and Methods." Eluted

fractions (3 ml) were assayed for protein (---) and protease activity { ).

Table 3.4. Purification of the partial purified protein. Activity was determined
with ZRR-AMC {40 uM) as a substrate. One unit of enzymatic activity (U) is

defined as the amcunt (in pmol) of AMC cleaved per min at 377.

| Total protein . . | Specific activity | Purification | Yield

Step Total activity .
e (U/mg) | (fold) 1 (%)
Crude extract 5376 56 1 {100
DEAE-gel 1726 719 12.8 32

,96._
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Fig. 3.12. SDS-PAGE and Immunoblotting analysis of cathepsin B cysteine
protease. Peak fractions (22-52) from the DEAE-Sephagel column were subjected
to SDS-PAGE on a 12% gel (A), and blotted with rabbit serum raised against

ScCtB (B). The positions of molecular size standards are shown at left.
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kDa 1
118
84

51

35

27

21

Fig. 3.13. Substrate gel (zymography) of the partial purified ScCtB. The partial
purified enzyme was subjected to electrophoresis on a 12% polyacrylamide gel
containing 0.1% gelatin. The gel was incubated in 50 mM Hepes buffer/pH 7.5
for overnight at 371C. After staining with 0.1% commassic brilliant blue, the gel
was destained with destaining solution (40% methanol, 7% acetic acid). Areas of
proteolysis appear as clear regions in the gel. The arrow indicate the presumed
ScCtB enzyme. Lane 1, extract sample; lane 2, not binding after DEAE-Sephagel
column; lane 3, partial purified ScCtB fraction (36).
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Table 3.5. Effects of various inhibitors on the enzyme activity of the partial

purified ScCtB. Results are the mean from four independent experiments.

Compound Concentration Enzyme Activity
Subfamily of Protease —————— R e o
Inhibitor uM % control
50 107
Aspartic Pepstatin
100 118
500 98
Serine PMSF
- 1000 93 i
1000 89
EDTA
2000 80
Metallo e S
1000 66
1,10-Phenanthroline
2000 68
5 43
E-64 20 32
Cystine 30 2
L ) 10 4
eupeptin
Hpep 100 1
— 99 —
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Fig. 3.14. Determination of the optimum pH (A) and temperature (B) on
flourogenic activity with ScCtB. Protease activity of the pooled-DEAE eluate
(ScCtB) was determined on ZRR-AMC substrate in the pH range 2-9. The relative

activities are shown as the activity at using 40 pM ZRR-AMC as substrate are
100%.

100 4

80

50 =&~ flounder
=O= Tilapia |

=g Rat

40 1

20 4

Hemolysis activity (%)

09

0 20 40 60 80
Concentration (ug)

Fig. 3. 15. Effects of ScCitB on hemolytic activity. Hemolytic activity of the
pooled-DEAE  eluate (ScCtB) was determined on hydrolyzing blood cell in
reaction mixture. The relative activities are shown as the activity at using 1%
triton X-100 as sample are 100%.
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0 days 2 days 4 days

E Control

20 ug

40 ug

Fig. 3.16. Effect of cytotoxicity on fish cell line with 5cCtB. Cytotoxicity activity
of the pooled-DEAE eluate (ScCtB) was determined with microscopic examination.
The pooled-DEAE eluate was incubated with fish cell lines (FFN) in medium

under various conditions.
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— p——

Aol AMss ~2u e 13 Aolg deldA olsel £Xg HHhaA o
LA ALS YoFE protozoan YEFolth o vANZEe] oF digAAbe] A< H
S 98l BA Es =4 9 g AaBAd 9@ 97 F9Hm e
(Iglesias et al., 2003; Jee ct al., 2001; Kwon et al,, 2002, 2003; Lee et al., 2003), ©}
AR s wEgstA walA A gtk oldel dArEeld AFE|FEFT A cysteine
2 metallo proteases} |A F=A o] s 3 g el Fad WA=
Zagttn Bustgrt (Kwon et al, 2002, 2003). 7|43 cysteine protease= Al X
g awE AL, S5-7]A8 % R Z (host-parasite  attachment), &5 W3 H
(immunoevasion), excystment /encystment 3 Z-pthetd W whul 2 o] modification
e kg AEEd 7)%5S gz BuEdd (McKerrow, 1989; Sajid and

McKerrow, 2002).

®oge AFE|l7FIFoRRE B3 FEEF2 protcase 84S Tl acidic,
neutral, basicgs FE} 2] proteaser} EA U= AMAS & 5 Ao, E& &4 o)
t}aFgh cysteine protease AA| Sl 23t AAF Yt £33, BAYETE HIH

€ E3lo] T E£7F9] cathepsin cysteine protease @42 F2d 2 APA

1o
i
o,
o
-
©

=R
=2
X
X
(2
r‘g;n,
>
=2

o] & 7]A8 % cathepsin cysteine protease= HZ %

2ARECR AAHE $I2 s, Cterminal 390 YRRV T AAN

P ~FE S A AEF cathepsin B cysteine protease (SctB)E Lt ¥ A
Z§ dlde Er|ZHE ScCiBo 0 thEE AE Ak Ao FAE o8

se] AFEAEORRE SCB f4a% PANED T 4%en 548 wEd
A 3o A

=

Cathepsin B-like cysteine proteases®] WHEH¢ Fag 53 ofn| il
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conservedt Pro-Tyr'"motife} Cys'™ (cathepsin B numbering)A}o] 2] occluding loop
o] 4tgleoln], o] loopi= F I3} cathepsin B2] depeptidyl carboxypeptidase 24
o Aol & 2EY F7)E (His'His") & 52 xe]2} (Sajid and McKerrow,
2002). %, GNFD motife] 247 Veldg o 4 UAich diel, te £ of
=3k alignment A3 2FE]7FE 2] cathepsin B & 4w ey A E-29] cathepsin B
e odubael 548 vedlAY thE ubaQl A5E N cathepsin Bohe 9

2] Cys 216 %717} ahvt o #3ts e} glo] disulfide bondE &y v 7AAxn A&

9 7heAe et ol FRAez & FoA dyEo]A = cathepsin
Bobe 71E el Aol7h yebd  AgE FAEET Cathepsin Bol= ©27

cathepsin L cysteine proteasets TS 71415 Follal wbA= glomn, o] @z
& AEez Frigsinas, dudeia Fad H8F vt BaE (Suzuki
et al, 1998; Volkel ct al, 1996). Cathepsin L cysteine protease= proregionu]
conservedt inter-spaced motifgl ‘ERFNIN (Glu, Xy, Arg, X, {lle/Val), Phe, X, Asn,
Xs, Tle, X5, Asny S 4Rt BRoE 1 g)om (Sajid and McKerrow, 2002), 2 23
oA doizl AR FLFe] cathepsin L #37 £& o] motifE 7HAal &S o
4 AUt o2l g motife] 56 i A= @A W FolM olFoixa le
uf obd ke At gk Aot @el HoiglAl @k B A o)z ol
g motifz} A9 ¢kAMslA ERFNIN' 3 'NSW'E 7Haoke AHdS & 5 Aoy,
cathepsin L&} A3stz EAL AXeAE 27 fs&ia o @A) site
mutagenesis £3le] FHAIFES PRPo.0, site mutagenesis F8la] D3 FHA=

pGEX vector®] 4F]3te] Ecoli oA @M HA

Tetrahymena & 2 Paramecium Foll A WAE = cysteine proteaseZ2 A Xl

phagolysosome & #4§ro =4 AEU Lalel Belstrtt Mxe] 2spm Held




b1 ®Hargtth (Banno et al, 1983; Volkel et al, 1996). gt B %, Scophthalmus
maximusell A e AW S doyii= Fog 2l P dicentrarchi $% 59

sk BaEd (Iglesias et

ﬂ.‘p

cysteine protease & 4¢] feedinge] 83k T
al,, 2003). <5 wulide] Eajo] Pojgiial Halu e cysteine proteaset Z~FE 7}
Cmarinume A= 2o 58S Jehdls Ao s HopH ) o
=oya) 8 e o)dle] AFE}7FE 9] cathepsin cysteine protease?} hemolysis 279

S JEN P 2 nutritiono] F83 A2 Flyiel FHE oA

1%,

g Jdorle £

=

w3, pzE gleld WYslHet 22 JFS & 4 e FHHG ojx H
AFE A granuledH F %= T cathepsin B7F Al X% lymphocyte2] 33
o o]3t A7} we] (self protection)S -F3ttial #9kstStl. Lysosomal cathepsin
B7} cytotoxic T lymphocytes 2 3} 2 A9 perforind} -2 cytotoxic mediator&
AR 7 9utn HEoEdr) (Catalfamo and Henkart, 2003; Balaji et al.,
2002). ol At AAEo] ~FE|FFFA o] cathepsin B} Lo] &5 WS
Huehe Ales AT dA 2o 236 & 4 Atk ol BANI] A8 WA

o] perforin (AB084905)2} Yx}12=3 EAIEHES A oA Mg F Arg-Arg

AR

Lys-Arg A deo] ztzh 33d, 2+d8 EAES ¢ 4 AUtk o= cathepsin B
cysteine protease 47 ZF&E F ASE ¢ & Udd (Chapman et al, 1997). 1
tu, ojelg st 3-8 F AERES T8

o1 Hobzch whebA, ojelgh #EH zolE o &7 HolF AAE Ferd, 7
MF Ak el vl & 5 Ag FAeole} Al Ech
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PRl F2 7HdEE ATEIEY protease A& HAEEAA T
proteasc?t 2E S 4 = Uch o] FollA cathepsin B 3 L cysteine protease3

~TEA oY B2, 0d ¥ 54 ¥Astud sk

1. 25 E} 7% 2] cathepsin B cysteine protease8] 5 AJF-2

2249 F cathepsin B {2 2= F 1,244 bpelr, 33 bp 5-untranslation region,
158 bp 3-untranslation region, 1,053 bp2] ORFZ o]Fox lr} o] w2
preproenzyme©. 2 FAE ] 35070¢] ojmxAog  177§2]  putative signal
peptide2} 68721 propeptide, 265782] mature enzyme® & FAAFE A ok 3 A

o] dap TEREMNE E3)A cathepsin B #4212] SA9 'GNFD' motif§ 71432

&S & 5 AeH, ALgHY EAES TaA LFE 5 cathepsin B=
cathepsin B familyo) ZZHE & 4= At 4L wHstr] gt AT}

one step HAHE Fato] Feldte] AFEFE g FEH S o]§7 western
blotting& A 4] 84S 4e 30 Huf) ¥ HEo]A cathepsin B 48 Ad E4d& o
S 4 UG, o] 4] SDS-PAGE % gelatine-acrylamide copolymerized gel2 7L =
718 FA4sH Aol 29 kDa® et o, zymography protease #/do] vebd S
et et ¢l 91T}, A T}7L, cathepsin B specific peptide 71 A ¢l
N-carbobenzyloxy-arginyl-arginyl-7-amino-4-methylcoumarin  (ZRR-MCA)E o} &3}
o NS S BT BATHS UEES 2 4 AN o] peptide 1 FE of
g5ped BaYE AN 44 plsl 552 ehken), pH o)A 8xelel A w
sao] £ % 5 YT ks protease inhibitorZ o] $8ko] 2G4 HHA

o] cysteine protease inhibitorg]l E-64¢} leupeptine] of@jAl A7}t o b E




inhibitorel] o)A += 27} LJEILFR] erskok o] @A 78 e Y] %] o
FrgMEe o B4E HrFAl b cytotoxicity7} LlERSUTH F, WA, €eh

FE A2 dod diste o] &49 s WA ol lolM e
hemolysis €4-& YWelldct ol o &4yt w59 7|45t Yo =5

who] T putriiondl] ¢l F& 714 39| nutritiond] et} QA

2. 2FE}7}5 2] cathepsin L cysteine protease®] 541 % 41

22y 9 cathepsin L 2 #+% 1,476 bpe]v, 326 bp 5-untranslation region, 151
bp ¥-untranslation region, 999 bpe] ORFZ o|Foix gl o] wwAL
preproenzymel. g FA |7 333702 ofn|keite @ 25709  putative signal
peptides} 937) 2] propeptide ¥ 21570 2] mature peptideZ FAFHAA A=
Z 2ok §AAle] YA PSS FalA cathepsin L F4212] 5419 "ERFNIN
'NSW motfE 7}x3 9&8 & 5 long 2FE7Ee cathepsin L §AAE
cathepsin L familyo] 2352 & 4 vk A8 58 Ecoli dlA G THdaE
o] BAE s A3t7] H&] megaprimer PCRE ©] &3} site-directed mutation’]-& ©|
23} point mutationg A A3k th Point mutationg AAFled Qo {3 =)o
promature enzyme®-¥-2 pGEX vectore] 4¢dle] H@AZ & Ao i 60 kDa 2

Apol =7t BARYS & & AU




@ %

A 74 dels gze dumel wER dste 4 et ey 3Aege 5

A1 Q= Aol ojo] we}l Nt ofgie Fade ¥ Fvkdw Atk $-eu

ghe] oAb 19900 C) FHRE W) L5 Ggel olste] A ol WHs
5]

faglom, aEae] Asunel wakd AN B e FHOR PAE

Zo] gosl, wHsE T e AAelnh o] F HA vk W Al FAHx
A= WA Paralichthys olivaceus®] A AFE LY AFEH o] Folx gton], TRAUN
£ 19709 FWiRE BFo g AFEo] @A sl 4 oAFelM M w2

HMEE AAEE BAN0Z b 29 B olFelnh olgh e B4 nele)
wEel v Fa@gol o) oy WHYE thd FEeted

a2 e AAE A AR e 4Asn ok olaw o w A4 F

o

2
=
et
He
ol
o
)
=
1
o

siolel A AWFelA bg Aad d¥e dosle Ao Yy AT

= (Scuticociliatosis) & WA N EHu, HAFE YoA FRPAM Ty AR
LS WEmA Aolsh HF AMEE A3E uedth ola @ E WAlE o
P T4 AN AR 93, Andr] 9 247 =3 L FR S350l
=g Aolth 4 Aol AAFHY GR ALE 8

ol WY E wid FF3te] 22 AT AAH a7t FFE HlFS AT Yo

deae AAHRESe £F, A%, pH S3 08 GRBR Wikl B35

8-S 7Hx|ar Qo) oleish RgAFe) Wl Ut Tetrahymena &5 & X34 E
S 93l PC¢ PEYF Z83 gL Igdar Hug glow, PCHL linolenic

acid (18:2)¢] <ol Z )59 A, v-linolenic acid (18:3)2] ¢Fe] Frigttia H13t3




glo} (Watanabe ct al, 1980; Maruyama ct al., 1982). tj 2], o]z

c
Y

N
=
3
o
3

PE)e] B X sbalst (HUSFA)R] 4412 sl dm 1379 vhe 2mo o
5 ALy e Fa)of 2] hydrostatic pressures Z7FA 7= AleH g0 48
o] 9ut}? H1x et} (Delong and Yayanos, 1985; Patton, 1975). & H2F<l
Parguronema acutum) & A2 £ AxA HBRL 75% AEE AA Y, UYWA= F

AARZ o]FoA Ak KHy¥w 53], 222 7 PE, PC7} 747} 33%, 24% 5 2

by

A8 major 914 doln], Plst PS7} 22 11%, 78%4=E 4487, SPLEo] 52
minor AAAZ AdHA 2}t (Sul and EBrwin, 1997). A7} Tetrahymena & 3%
Paramecium EAME s A& PE > PC > Pl > PS&o g FAHA sttu B
T} (Sul and Erwin, 1997; Kates and Volcani, 1966; Jonaha and Erwin, 1971;
Berger et al, 1972; Rhoads and Kaneshiro, 1979). 2=FE]7}Z oA etd 042 2]
Aqro o E &9k Tetrahymena 1} Paramecium 3 & 7|AF FolA v Axs}
eyt wheba], AFE 5 A Ee] QRS AF A Y
ek gel Solst
Al phosphonolipideb= 1A 2§ 7FAed dAAWAA] of 60% 7435 2AA|5HH,

o=
Muzo] ARy 3 ¥ 5 Al HEel, V4ES dd X

o
3

a7 glBERo PCx o|Fo)4 gtk Hasx dtd (Sul and Erwin, 1997; Kennedy
and Thompson, 1970). 28 =85 A2 Zo)r phosphonolipide} <142 714> &)
527t MFe AT 0 wole R @g s9ddn wusn o

(Florin-Christensen et al., 1986; Kennedy and Thompson, 1970).

Aol 7| Ass AFH7ES 9A Aol AololM ool 2AS BHshuA o
FANE YoslE AEFA AuFolt o Fo AAAAZAE A YA 5
49 dokd BAEAe 2Asu2A 29048 FEEHE ATE FYsE Yo

L} (Jee et al, 2001; Kwon et al., 2002, 2003; Lee et al, 2003), o}& @& A& ¥
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od A Fub. A A Fe gEdAE we gavh deldicha dad sled
T. cruzi o]l 4+= G-protein 5+ 2 (GTPase, dynamin, Rabb, Rab7, ccto-ATPase),
phospholipase 7 (PI-PLC, PLA2, PLD, PC-PLC), protcase 3 EAo] #odsdia H
a5 7% Foh (Wilkowsky, 2002; Bisaggio and Peres-Sampaio, 2003). ojf# 7|4 F
S|4 CryptobiasisS A7) Cryptobia Sl A= 7] protease 3 glycosome?]
48 998 Sty Huy e (Ardelli et al, 2000, Zuo and Woo,
1997, 1998), Advl/)e] MAF HFTe YoAAT lectin®] HJ¥Eol Fo&d S
gty ByEsw gt (Xu et al, 2001). © lxpEe A AVISEIAEAL
protease, g¥t A, ©rpalE S e BAY B o ofFolx slof 7)Y Fe
A%, o] 2 thal ol 2ast AES v 2delA lewy (Vial et al, 2003), =
FEIFE olgt 2L FHIZ olFod ASS & 4 UMtk o] FolAH GAE 7

Mz o=y P95 F GPlanchored proteing] IAH7prR 8] &4

o

--r—'

proteaset: F 03 Fgow Al AN, £ FAEo] 2 SAe] Hn

1 A} (Paquette et al., 2001; Sajid and Mckerrow, 2002).

A 71WFF g AAMEe 2 AdE Axe §4& 238, Ao, oA
2 mHaks dhge g yolrtxm o, o]yg F targetd FE AAHL FHAU
PCe| st @A77} ol o]Foyxar gt} (Harnett and Harnett, 2001; Vial et al,
2003). PCx 93] 2 Ad HAxe] FadEoz /] AR ALe) A
HoAgRezA FLEA AdAHAAY, = FHe PCPLD ¥ PCPLC 7l &
Ao 2ste] zAs ) AG 2 2e]A gtk (Besterman et al, 1985, Price et al,
1989). PC-PLDE PCE 742 3etd A HEE PAS cholines 443, 44<
PAX DAGU} lysophosphatidic acid® wW#ate] A{olaEell A mitogenesis?]

promotion, neutrophilssl] 4 respiratory burst2] 2=, specific protein kinase 2
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phospholipide] halz=2 kel 3A3el actin polymerizationo] g & 5
A E vhekst el A rEel ot aelA vl (Exton, 1997, 2002; Knauss
ct al, 1990; Olson and Lambeth, 1996). PC-PLC+= PC2] phosphodiester bond & 7}

528235 ] thARAHE 2 DAGS} phosphocholineo] gl F718] o|xzlgE 4 (second
messenger)S THETH 4 A itk o] F DAGE Axue] PKCele ¢4 s &
ABpA 7 A 2ol vhekal diab, AR g BEel srddn A Aok (Wakelam,
1998; Han et al., 1999). o] &4+ EF7 A EoNA dx F=2 AF7 & He Ah

At

#A 45 AlE 2 mitogenic signaling, ¢ A%, Fas-ZFAde] b 9 2 xEoA
Fo receptor®] $-uboll 9%k inducible nitric oxidase synthase (iNOS)E g+ NF-kB
transcription factor2 4] #g&3ciu HuED Qrd (Shin and Han, 2000; Han et

al, 1999; Lennartz, 1999, Bestermann et al., 1985; Sands et al, 1994).

thafat oA Bl PC-PLDE RE A Fo| EAsts @iold iy P43
¥ A A o] A aAE EAY, WA Y AL dFFAAM PC-PLDY 7|
Lo Sae e 9 wol WuHu ek of F AT AFFA Tetrahymena £
o] wjokoll A} early lag phaseolr PLCS} PLD7} ¥ (survival), 53 (death) ¥ &
8} (differentiation)so] 330, hormonal imprintingol = Aty B3} FHrh
(Kovacs et al, 1996; Kovacs et al, 1997; Rasmussen and Rasmussen, 1999, 2000;
Wang et al, 2001). B2 ®uMo)XME Tetrahymena W kel A dolr}= PC-PLD &
Aol IHFAHEY PCPLD signale] 543 FAbslttz ®aska o 23y,
Leishmania donovani £ A= PC-PLD7} Al (acute) osmotic stressol] thgt wF-§-3
veltdtte ®guEan glen, ¥ Htox L donovanidl+ human
PC-specific PLD9] typedt #& % F{9 PCPLD7} &%ty B34t (Blum

ct al., 2001). Paramecium EolXE PC-PLD} 415 3 9] protein phosphatased]]
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st 54 2 Bio) gidle] Hausy sled o vl Aol ciliary motility 9} cellular
cargo transportol] M dyneins2] Ao Fa 3 dgsS gdm ByEu glry (Grothe
ot al, 1998). 2FEIFEF 9] W fF#fst= PC-PLDe 15 HFg=dte B dHE
A= AEE 4 5 9ldoew, g 2 e PLD (membrane bound PLD) &4
o] RhoA, Cdcd2, Rac, GTPrS %3 & small G protein ol 2)3le] #4337
tbr BaE (Kwak et al, 1995 Malcolm et al, 1994; Ohguchi et al, 1996;
Siddigi et al., 1995), ~FE]7}3 PC-PLDY BAo] 1o small G protein?] Arfs}
GTPrS= PLD &4l ojw g oJaFs vA A Fuch 3, T/4F #d PLDE 2+,
sldl4 2 PIP, ol o)ste] o]Z Aol 84S et B En (Exton, 1997,
2002; Kurz et al, 2004), ~F€]7}% 2] PC-PLD=E nlid|s5 7 Zhgo] Bl 9ol A
T8¢ cofactor2A ZHE-gtchis AMEE @ 7 UATE AFEHF NEFES AEA P
atale] abolrtAY Ze Ag A& A EFeE HelrlEA 7 o] wiste o)
fxdo XA Eols aAE e Aez A 9= 1 F phospholipase A2
(PLA2)9} PLDE Trypanosom cruzi v e 2 & A]e host-parasite attachment7} 2
7hethe B sttt (Connelly and Kierszenbaum, 1984, 1985). 38}, T. gondiiol A]
QA AR E A+ IE PoFotn H 1+ (Saffer and Schwartzman,
1991). ©o|8]3d A EL AA A EAs= PLA29F PLDE©|] host-parasite?] 4&
BAANA Fag wiAAe HFS Fests S dAEEH gy, & dF9M
2FE)7F5e] PC-PLD= opdl 93g F2 oy, AFH7E9 cyst A4S 3
o8 Hol, 93 ZAFHF I T. gondiie] 7)5 <) cyst formationsl] T

a4 ek=7h 2gH

rir

|

NME T gondii oA WA= PC-PLC/ AEd 7148F ZF4] (multiplication)i}

cyst developmento] 333} Ar}, host-parasite interactiond] Q&g AgS ghrf=




AFALe B v Ekgd el (Ricard et al, 1999), B oA AFEe|slEo g BE Ry
spaba S4lol b 2§79 PC-PLCE #e] shdlvh & &/F9 9 felel PC-PLC
(MPC-PLC) 2 AEA g PC-PLC (cPC-PLCYE g2 AAIE 9 host-parasite 4

T Ago] Bejsitte AAEE 4 5 A o] 2R EE AFHIF mPCPLCE
obnl e AFE]7FE 2 Mel® v5o) BAEE Ao @ s cukaryotic cell) F=AHT
A5 fAbe 43e stelel 3 E Y, PCPLCE Bdd -5 ezt 47

=o) B3], A thgh 22| ek 9 host-parasite attachment 4§ -&

n
fl

Falo] o] wlge] 7 T

=

el Tashs delg Ao Asdl

olH ApEoA AFE]FFES] cysteine ¥ metallo proteaser} W E A2 T}
2 AAEY W F5wel 5o AN F2@ dANEA Ageen wasidc
(Kwon et al., 2002, 2003). 7|4l % cysteine protease®™ ¥ ¥z tjA}, %3-7)
M A, W3H, excystment /encystment B Agtkuid gl b A o]
modification?} 7+ theokdt A E3}EH 7|52 spEoti KHausEw (McKerrow, 1989
Sajid and McKerrow, 2002), Tetrghymena Fo| A= cysteine protease7} A2 274
o7 Rul®Eivy Haydo (Bannoe et al, 1983; Suzuki et al, 1998; Sajid and
McKerrow, 2002). o]2i& t}2kdl cysteine proteased F 8442 Ta A Fd 7=
2 % papain A¥zA HaslelAu, Solg /1A Sol4e AT HuHT 3
t} (Kelley et al., 2003). Papain 7| € <] cysteine proteaset= = cathepsins A E 2
4 25 dold denl, oldd MAEES AUFTA ol MBS D Wel
AoelzteE A Zag 988 Fvdu 4y A2 ot (Lecaille et al., 2002). ¥ =50
M 2FEFLERE Leld FEECAM ook HEeHd 48 Fold o
FH9 proteasert ZATSES ¢ £ AU old S0l YUY cysteine

proteasc A3 A 5ol 2Jsted AAAHE & 5 Sdon, FAEESH YL T3
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oft

of % F5 9| cathepsin cysteine protease #Ax5 ZF2YsHr) chokek HF &

A ~E) 729 cathepsin B enzyme 13 A E-9] cathepsin B enzyme2] vt

Hol EAL Uy Ay g dwrAel HSFF Lo cathepsin Bele ] Cys 216

=

ofr

2217 s vl 285 0] 9ol disulfide bondE 3y o] A3 US4 U= 7
A e ol #xAos OF Fo|A wHEo A= cathepsin B&+= 7%
2 zpolst vtEhd = ALL hAElEh dA el tiE hemolysis 8442 o]
&7t 7I8EY nutritione] #rH T ARES W glon, mEh FEF xfolo
Had e 2 7% &8 5 doet AU ole H ATENAM granule

ol ] §ExE ¥ cathepsin B7} ME %A lymphocyte] mh3jol] o3k x7} whol

tlo

(self protection)S -frgttt W HEr} (Catalfamo and Henkart, 2003; Balaji et al,
2002). o] & #glaty] ¢lal @A e perforin (AB084905)8] AAFEE F-AFHSA
of wralA MY F Arg-Arg % Lys-Arg A go| 7tz 33d 2y EARE o
9lgith. o]+ cathepsin B cysteine protease & A7F &8 5 5S¢ 5 A
(Chapman et al, 1997). ¢}gg AFE2 F 5H olgg HA7 antiparasite
chemotherapy & #& #43 targete 2 7/IHE 4 o= 7H54S 7HA2 A7 W&
ojth, 1yjE g Wo AgSe] o)yd T4 54, 53 71E FolAd 9 AshA s
dEa 22 AE Adgsted dAH BAS stAn d7E A8, o eyt ¢
AR E HEro T Fo] antiparasitic agent®] designoll 1o)Al 7]1Z2 A ARF AL

3 9t} (McKerrow, 1999).

HoeRE SHetd BY vt TR YA gGxd d4¥E 78t LFETE
o] w5 AEA AAAIFEAELT T84T 48 I3 AS 4 T URL
W, &ZAE F £zJjo] AFE 9 o] (host defence)Soll+= cathepsin cysteine

18g stelel FHEG o183 JAEe] AR A Al

e}
-
@]
—
[47]
by
th
1]
~N

=
CA\
ko
&
]
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fo] 27El el wpye)

g Hastehs 7aAQ YRE AFHE, el
of Aol Wat EAYSEY NRANE BT 5 Yol W
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NWF Uronema marinume] 1§ ~FEEe dAdael 2o} st £&
A2 don A7te AAH £48 Yoy Atk @A o FANEe] 9@ v
el 19l Fue dAd laFel e, W B e Ta BY So) Bale] AF
glon), ot &A= o] vMEe] WAe ofgA sy @y, wFRA o

A AEY 5 Aol side WASA wEA A gk 2 =ES 27

&

vt
‘
r:‘\‘

Z o QAR EL P cysteine proteasese] REAFEEFH SA i o

A1l AE AFEAGE 53 BAA AATE BH AF-FE NS 5L
oFo} wolslsted AT FEE AR ATEAE WA A4 -
QAE (phospholipidje]l, WAL FALE pAseld Qw, AAAL

ol
~J]
[ann}
=€
N
>
o
-10

phosphatidylcholine (PO), phosphatidylethanolamine (PE). unidentified
phospholipid (UP)»} major Q1#|4 =2, phosphatidyinositol (Pl), phosphatidylserine
(PS), cardiolipin (CL)& minor AAAZ FAFA A} wide S5 WA=
PC, PE, PI, PS 7} major ¢1x]He|n, CL, UP7} minor Q1A AT R L= o]z At
o) g3} ol 2TEAEH Hel Axute] mAle] Aol S5 2TE|NF] el
UP ARe &% geldel $39 A4Fze 4A%e 58 4% 494 248
JEE & Aoz FAA[NH HE], 2FHI T JAANe] A HEE UF
BEBAGAr0| 527%, FUBESA YA 285%, UriAE FoA Yoz 2I
o, FAAANE A ARe BB FaA o] 492%, FaA ko] 301%, 1t
MAE GERERATEOR PR At Ee, AU B4 Tahe) =

FEF}E= kg dkgle] EA8l, 2 FolAM papain cysteine protease’l F8&
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gk 3919l-8 o = Ay AFE]FFE 2] Papain cysteine proteases= in viiro vl %F&

],

>~
[l

o kel wlalsdon, ol &7 el WA Aol AL RO

=

Al 24l e 2FEES PC 7bpia fae 2, A4 8 Qe 54 01
4 0 7%5g BHEdd. ~2FE7%F 2 2 PC-PLD (mPC-PLD)= 4383 54

Q.

of Faweh O deje vebdoh 9, i vitg] PLD 246 1o} o EaE
small G protein 21 Arf, GTPrSoll&= ofF ¢ &g gz o}, PIhds oF3<

B4-9 dehd Aok o] Bavt £3-7)4% A wosEre 2AEE o, 7
4% RARAE bW ol glon} ulARe) Jl4F cystrh BASE A B
Fat gk mebd, o] Ehv 2FEHIbE S5 AT dejgriin N1YFe] 9%
g awslel] W cyst formations] Podteiet AR P AFEVIE] o B A E

By

o)

Ao Al ZHz Bel® PC-PLC (mPC-PLCS} PC-PLO)v= &2 45 ZRA9
mPC-PLCE A4 pH 60 2 04 mM Ca” o] 204, cPCPLD¥ pH 70 2 16
mM Ca’' o] gollAq 7hd 2 843 Jehllzz 455t A Mz oE a2

et mPC-PLCe =39] da) AAl 2o g CL wig 9 A ¥ S ¥}

rr

e 9

oot

S 7 @hgtou, cPCPLCME dAF €4 &0S vec. E3,
mPCPLCE of § Fahalso] e F-714% FH4A] o7 e 4% FA oy,
PCPLCE H3&o] of 7ba9dh. o A5 e 1o ~FE7h% mPCPLCE
2 N4Ed AW g5 BIsln, PCPLCE £F4T A%A 283

A4zA e Aoz FHH AL

Al 3 AE 232U dxd #dE AFEIF AL %W Wod #Boe

cathepsin cysteine protease2] A2y, A8ty 54 9 1 75§ ZAFEIATH A




A

¥l cathepsin B
putative signal
Q3

~AE g o 2R
ol = Ak T 177} 9]
L
Nee U

1)

HEsHA WS F8ke
preproenzyme rA o] % 35070 2]
peptides} 6871 ¢] propeptide, 26571 mature enzyme©C. 2 A543
TERREAS 241 cathepsin B d2be] EZle] 'GNFDY motifZ 7}4]
Foddrh. w3, F2v ¥ cathepsin L #F#2& preproenzymeo & 4] 5ol 3l
333709 o}m|i=Abo g 2570 ¢] putative signal peptide®} 937 9] propeptide ¥ 215
2 FAE A Sl fFAAte] dAtERE F8lA cathepsin
if= T AES E 5 Ak wikd
cathepsin B cysteine proteases F@l35}7] 9
R Eol M cathepsin B &4-2 Ad 222
gelatine-acrylamide

742l mature enzyme®
d 2]l "ERFNIN' ‘NSW' motifE 7} 3

L fa49) 54
2FEIFe FEEERH 2E24E
& ol AdE Tkl ZelA 30U
& 5 Add. o]4AS SDS-PAGE, western blotting %
copolymerized gel2 1 zZ7]& &AHE &2 29 kDaxZ elxte.n, cathepsin B
N-carbobenzyloxy-arginyl-arginyl-7-amino-4-methylcoumarin
AL EAE dERiRIth Bl of
sl <k7re] cytotoxicity 7} wEFW O W, WA EZHE 4L
d A el H A wel

specific peptide 7|2
(ZRR-MCA)E o] &3lo] &A-3 =H Ao 78
o olF FahAlR]
o tfsled M= 9fzhel hemolysis 48 el o d3E-S Fisied R
e 33

ol Aol ek A7 Bels e
el apn,

1715 2] cathepsin B cysteine protease+
. o).

R
W, A5
3} feeding Foll B Ho g FAHEATH
P oree sojdd 2aAEe 709 2 Y
HolAH, o] & PC-PLDE 2| %373 W) e 7IdEe 980l
PC-PLCE &3HFE 92 #FaAd Fa3 Jd42 A&, cathepsin cysteine
proteaseis %591 Aol A% F 4EAe] F2T AAT FEBL ¢ 4 U
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